




















166 Of Electricity. 


SECTION III. 


OF ELECTRICITY. 


CHAPTER I. 


Containing a general Idea of Electricity.* 


124. IF a person, holding with one of hi 
and dry glass tube, rubs it with his other hand, which 
must also be clean and dry, by stroking it alternately up. 
wards and downwards; and. after a few strokes presents 
to it small light bits of paper, thread, metal, or of any 
other substance, the rubbed tube will immediately attract 
them, and after a short time will repel them. It will 
presently attract them again, then repel them, and so 
on; continuing this alternate attraction and repulsion for 
a considerable time. 

If the glass tube be rubbed in the dark, and after 
having been stroked a few times, a finger be presented to 
it at the distance of about half an inch, a lucid spark will 
be seen between the finger and the tube, and this spark 
is accompanied with a snapping noise; the finger at the 


s hands a clean 





* The most enlightened and inquisitive persons of the third or 
fourth century before the Christian zra, were acquainted with & 
remarkable property of, at least, two mineral bodies, one of which 
was amber, and the other was a hard stone, called lyncurium by 
Theophrastus (probably the same as is at present known under the 
name of tourmalin.) They knew that either of those bodies, and in 
particular the former, after a slight friction, would attract any kind 
of small bodies, such as bits of straw, ashes, &c. that might be 

ted to it within a certain distance, 

They knew likewise that another mineral, which they called 
magnet, would attract iron, and all such bodies as contained a sul 
ficient quantity of that metal. But a wide difference obviously ¢x* 
‘isted between the parearac the magnet, and that of the other 


ed bodies. The magnet attracted iron onl, cd its 
praieopmemae required no previous friction; the ‘other bodies 
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a h, as if it were from air issuing 
-epecewving 2 Pll 
sm ence out of + eo sem preee 
‘nt pee whic! 
“in ee earner that unknown mer tee hn 
a 2 and pres eee ee sled the electric, and 
Beene tube itself 1s ©! ‘ = 
dese ble of producing su 
ances ses which are capable © le miter 
hose rene are called electrics; ma <n _ 
pai as it were, in them ie Let ro ae 
| - 
effects, they are therefore ne rah ——— 


i hand, or any othe ri 
bing ak al and if, instead of the person rubbing 


‘ i of exciti 
the glass tube, a machine be contrived ga ee ra 
i ctric, that mechanism is called an et “ ae ied 
: 105 Let an oblong piece of metal, suc! “= = oy 
along metallic spoon, &c. be preset a bee 
means of a dry silk string, piesa — = from 
nvenient support, and let smail ; such 
fed been sae in the preceding ee = 
presented to its lower extremity, within about an 
it; then having rubbed the dry glass tube as — sien 
it near the upper end of the suspended metallic body, 
you will find that the lower end of that body will attract 
and repel the light bodies, also will give s, Ke. 
exactly like the excited tube itself; which shows that 
the electric virtue passes through the metal from one 
end to the other. ; 

If, instead of a metallic body you suspend in a similar 
manner a glass stick, or a long stick of sealing-wax, and 
repeat the experiment, you will find that the part 
one not act without previous friction, but then they bpd 









ies of every kind indiscriminately, provided they were 
pi. light. 


s of time it was found that 
48 precious stones, sulphury glass, &e, 


rpery of the 
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neither wieet week of glass or f 
ight bodi of Seal; 
ows that odies. ing. 
through glass or take electric oe ny 
Now the above. ourb Sealing. w rtue will ngeatks; 
bodies through whores metallic hy Ot pase 
called conductors ee the electric yj ody, and alt " 
sealing-wax, and electricity. But oa can pase 
electric virtue ca all those bodies & © glass stig” ae 
» the 


body restin nNot pass, are rough whi 
ductors, 8 entirely upor called no, ich the 


is sai = cond 

1s said to be jj ny Or suspend luctors. 
ein led b 

All the bodies we ea SUL eae 


. lated. 
acquai J 

into conductors and no quainted with, may be g; 

as it has been found n-conductors of elec »€ divided 
excited by Gacaene that the non-cond lectricity; and 
excited by Redon, Whereas the panlinare May be 
an ee pene to electrics and eee ae be 
2 ae n-condu 
called non-electrics. and conductors have also (ke 


Those distincti 
inctions are, h 
é t s however, fa i 
baloh feteeminate; For instance, sear ietpitnen dees 
D ) Strictly speakin; af er daar Cea apt 
tric or a perfect Bitoae be. caic to ‘elec. 
r conductor; the ic vi ene eerectael 
daisies: 3 3 electric virtue findi aa 
rane going through the best conductars mane neue 
ba! rough, or over the surface of, mc feat 
g rics. The less perfect conductor any mitt ead - he eee 
pd the nature of an electric; and, on he aft pas 
2 > 
ee ie fect electrics come nearest to the nature of cond Rene 
Es ere are certain substances which may be sictfall eatiiel a 
sane peace and at the same time are pretty TON RUE: 
. The following lists contain, in fl 
v general, all the electri 
ee racine disposed, as much as itis practicable, eee 
eir perfection, beginning with the most perfect of each class 


ELECTRICS. 


Glass and all vitrifications, even the ic_yitrificati 

precious stones, of which the most eatietio sienienione a 
ber—Sulphur—all resinous substances— Wax—Sitk—Cotton— 
Several dry and external animal substances, as feathers, wool; 
hair, &c,—Paper—W hite sugary and sugar-candy—Air, and other 


® Electrics have also been called efectrica fier It must be ob- 
served, however, that certain substances, ah oa oils, Soe el 
ders, &c, which are non-conductors, are called electrics from ana- 
logy; for they cannot be submitted to friction. 





“is 
of flectrictty asi 


ete oxydes 
and compl ‘pstances— 





. Jil— ry ple 
-_ quide—Oile— PY Vand veget Dt 
panentlY elastic re ashes © ait ens of which the hardest 
Pee substan #F tances Mos hare 
v ble subst 
etal 
pry Ree , 
oe ie con pes I Tin wicksil- 
F agg—1ron— 
_Platina—Brass : 1s, more oe 
gold—Silver oh i more oF Vres—-Metallic Ore & 
e j—semimel js, an of vegetable substan 
i V " jolly salt warer)> a 
ep 1: via 
u ~ a. = 
tis, thermore am anelectric— 


o . 
132 of Fahrenbet 


i “ty, and became 
ducting pt operty: ae . or: 
om of which the metallic ae sre be Oak 
hich ig__Smoke—The ¥aP : 
eho 8 or absence of air 


‘a]so such a vacuum 
ades also such a vac! + or 
put not the perfect avsence of 


d by boiling the quicksilver in 


i that ice Jostits c 
ine substances: 
thy of Stony 
_—Klectricity pervad 4 
s caused by the best air-pumpPs 
y the torricellian yacuum, forme’ 


meter tube-t 










stances, When heated be- 
degree, become conductors. “Thus red-hot glass, 
melted rosin, &c. are conductors of electrichtys (Hot ait nas bec 
reckoned a conductor; but this is denied by Mr. Reed See bis Sum= 
mary View of Spontaneous Electricity, p- 8) The focus of a bern, 
ing lens, or concave refleciory js not a. conductor. Sometimes 
ofa hard quality is so bad an electric as to be almost a good Cone 
ductor, It is remarkable that often the nature of the same pieces of 
glass is changed by time, and by use, So as to become elec- 
irics, though at first they were almost conductors, and vice vere’. 
A glass vessel is excited best when the air in it is a live rare 
fied; but a glass vessel entirely or almost entirely exhausted of ait, 
at being rubbed, shows no signs of electricity on its external sur 
face, but the electric power appears within the vessel. A glass ves 
erie condensed air in its cavity, or full of some conducting 
substance, cannot be excited; i 

rae ted; yeta solid stick or lump of glass may 

+ Charcoal is very equivocal in its i 
ate coal conducting power; for some 
pieces of it will hardly cond) i hers: 
conductors, - Une ee Po are very good 
{ In rarefied air the attraction “i is weakened and the 
electric light becomes more Saas ra a Pa i 
to the rarefaction; but, though in a very small degrees 
Pegetety Undies even in the best vacuum that ean 
most © CACIOUS ALM PUMPy VE 
bi} steateee is about the ent ee 
8 seems Natural; for, since 

Volt . = 


* Almost all the above-mentioned sul 


yond a certal 
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Tt 
ES Besds hardly be observed, that com: 
ae ‘ure of conductors or of elect; 
be y of the former or of the latter e; 
a Breen vegetables, fresh wood 
f the water which the : 
trics, Previously to thei 
cleaned and dried, 


aked wood is a very good electric, 


perty by imbibing mois 
Bes ture from 
Serve it in a non tie 


it comes out of 
place, or in th 


‘pound bodies partake ™m 

tics, according as q rene 
nters into their compositign 
v &c. are conductors on acco) e 
¥ contain. Hence it follows, that all ae 
t being used as electrics, must be Properly 


but it soon loses th; 
ir: hence, in order 
-conducting state, it should be varn 

the oven; and then again thoroughly 
€ oven itself. 


at pro. 
i tO pre. 
ished as soon as 
dried ina warm, 


CHAPTER IL 


Of the two Electricities. 


_ 127. IF the person who rubs the glass tube, as men- 
tioned in the preceding chapter, be insulated, viz. be 
suspended by means of silk strings, or stands upona cake 
of rosin, &c. and in that situation rubs the tube with his 
hand; after a few strokes it will be found that the person 
and the glass tube are both electrified; for if any light 
bodies be presented to any part of the person’s body, 
they will be attracted and repelled in the same manner 
as they are by the tube. The insulated person will also 
give out sparks to another conductor that may be pre- 
sented to any part of his body; but the electricity of the 
insulated person is different from the electricity of the 
tube, and the difference principally consists in the fol- 
lowing three characteristic properties. 

i Whenever an insulated light body, as for instance, a 
small piece of cork suspended by a silk thread, has been 





accurately this electric is removed from a given space, the more ef- 

fectually can the electric power pass through it; and hence it might 
be expected. that the electric power would pass freely through the 
perfect torricellion vacuum. But it seems to have been fully ascer- 
tained by Mr. Walsh and Mr. Morgan, that such a vacuum is not 
a conductor of electricity. 


Of Electricity: 


frerw? 


cork, W 
near the persons 


sn tl 


rk, W by the erson, be 
if the other co) ky v hich 1s repelled 
1 y P 


: tube, t = 
A i tance of the € <3 
brought withit ® ene a the latter. Or = a 
. attra ; e by a 
will be strongly att elled, viz. one DY ee 
sulated cork: ae peeen'd body, be brought i 
andthe a : aa of roan other, they will attract, 
a certain distan 
will rush towards, each ae ei 
in 
me thing may be observed 1 ‘each of the electri 
ents more than one Lidice fect balls faste a 
bodies. Thus let A, By fig. 68 De TAO. Sik thread fastened to 
linen thread ACB, and let the part So the wall or other abject 
atan Ray sme etic eaited glass tube near the balls 
‘is situation, if you 3 
eet aie will attract them and pete he “< ~! 
t the tube be removed) an\ r 4 > found 
ariel other, and to remain for a considerable time in the sitt= 
tion of fig. 69. ; ¢ oh 
$ ‘Let Hates similar pair of cork balls be Leas perdi gs = 
the insulated person that has ee Py Aha hoe u eal Machod 
terwards repel each other, as in fig. 69. hose pairs 
pellant cork bulls be brought near, they will attract each other, a 
by their mutual contact the electrical virtue (viz. the attractive: 
repulsive powers) will be quite annihilated: which shows, that one 
of those clectricities is quite the reverse of the other, the one 
seeming to have what the other wants. 
Pairs of cork balls similar Co those of fig. 68, ate ra 
for manifesting when a boty is electrified or not; for if the sae 
pected body be brought into contact with the balls, and re 


ed, the balls will immediately dive ire beay aaa 
moved, the balls wi iv ad es 


more convincing Manners 


electricity to communicate, but not otherwise. Hence & 
Such balls is called an electrometer, or an efectrescohe 
Il. The second difference between the Wo: 
ties, consists in the appearance of their light: Tha. 
but un-insulated, conducting body, as & pills 


‘ 7 ; 
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the like, be presented to the excit 
Wuaid Brebyl, or star, will be seen upon its point: 

i Re body be Presented to the iu Puta 
Sarees te shal he is actually rubbing the tube am 
a f the star, a lucid penc} tee ue » then 
proceed from the point. Peet a Zaye yl Appear ¢ 


ILL, Lastly, it will a 7 i 

will be described hens ae “ihe Hei ichar 
sessed of the electricity of the tube, oe 
3s possessed of the electricity of the 
Power, in its passage from one of t 
other, (which annihilates the electri 
evident current from A to B, but n 
128. If the insulated person rub. 
a stick of sulphur; both the man an 
electrified with the two different 
case the sulphur acquires the e 
preceding experiment, was acquired by the insulated 
oes the eave man will acquire the electricity 
“A wits acquired by the glass tube: for j atte 
experiment the needle mccain to the aaa vt rae 
a pencil of light, and that which is presented to the aed 
that has rubbed the sulphur, will show a lucid star : 
The two eleciricities always accompany each other; for 
whenever any two bodies (being both insulated, or only 
that which 1S a conductor) are rubbed against eich other, 
if any one of them acquire any electricity, then the other 

body will certainly acquire the other electricity. 
onc or oer aie eae 1 iret pleanure he 
Tubbers. Thus, if a glass tube ee tata’ a anee eran 


ike aie but if rubbed with any other 
fF vitteous electricity, Thus ulso 


ed tube in the dark 
+a 


Which 


and another here 


person, the electric 
hose bodies to the 
cities) manifests an 
jot from B to A, 

nota glass tube, byt 
and the sulphur will be 
electricities: but in this 
lectricity which, in the 





substance, tt will then acqu 


* As the contrary nature o} 
observed by rubbing glass an, 
that which produces a star u 


f those two 
d sulphur; 


electricity, as. it imagi 4 
duced by rubbed gluss in all cases; and de gue is be | 
produces the luminous Penel upon the pointed: bod: at at w! 
Sented, was called the resinous e/cetricity, ly that is pre 
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‘a cous electricity when 


the itt’ re the resinous 


. ire the vitTs i 
wax will, ACU ue it will acquire Oe human 


ic substances 
HI with leathers d 
re, or of surface, _— 
€ electricity ae 

ite ele _ 

A ee i the opposh® 

ew lways acquiring 
ne: the rubber 4} 


trici- 
the two elec! 

: ce between wo 
129. When the See was imagined that the t 


d 3 rtic 
+. was first observees ations of two parlice 
ties Wa> both owing to emanation a roporuion, 
powers were bo mixed in due P 


jastic fluids, which, when or would form a sort 
g nteract each other, ae uch simpler, 
wouldagoey und, But a. supposition 


al compo! anklinian theory, 
a sie reat the name : a above-men- 
y seen +3 ‘roboral - cities, ¥i 
and which is peculiarly cor e two electricities, VIZ 


tioned third difference between th mirage 
that of the current from the vitre nous 


icity, is as follows: 5 
wears ae antes called cleottinal Sama a = - 
duced by an invisible and subtile fui d exising 
Het bodies of the terraqueous globe. It is also supposed 
that this Auid is very elastic, viz. repulsive = its own 
articles, but attractive of the perticles of other matter. 
Whena body does not show any electr ical Rs Sa eM 
it is then supposed to contain its natural quantity of 
electric fluid; (but whether that quantity bears any pro- 
portion to the quantity of matter, or not, is utterly un- 
known) therefore, that body is said to be in its matwnal, 
or non-clectrified state: but if a body shows any electrical 
appearances, it is then said to be electrified, and it is sup- 
posed that it has either acquired an additional quantity of 
electric fluid, or that it has lost some of its natural share, 
And from the above-mentioned circumstance of the eur 
rent, &e, (Art, 127. IIT.) we are led to sup that the 
Vitreous clectricity arises from an over of that 
fluid, and that the resinous electricity arises from an wh 
der charge, or diminution of the natural A ay eed of that 
fluid. Hence the vitreous electricity bas been called 
the plus, or the positive electricity: and the reeincn ee 
been called the minus, or the negutive electricity.* 


* The other numerous hypotheses, uhat have been off 








174 

= Ye Electricity 

is the : 

ducting Batty that when ar 
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ce ee pumas, as it sg the action aE 
thhg + Hence, j > 

ply it, or electrified poone. body b 

staal he oF electrified Pe 

Withik® Hee ey hen 

electric is ae also, WE see ghee - 

rubbed with another elec 
ed rubber, it can ac er electric, 


‘ = uire i 
— in that case fic rubbers a 
electric fluid from other Bodies, paseo 


Electric attraction i 

t raction is easil: i 

a6? ly explained; i 

ran at : ere the superfluous electric fuid Brae 

to the theory AS tee Siete hibit according 
EOTY> undercha: H 

are electrified negatively. need Taller Gf tide which 


id a con. 


from th 
le 
ecomes overcharged 
other must become 
unless its dof 


electricity, viz, 
be supplied with 


ee 


planation of the electrical 
any patticular notice. 
y what mechanism one bod: 

c ly extract i i 
another body during the rubbing, is by no eee eat on 
creased capacity of the electric for the electric fluid Tce i a 
ations, seems to afford a plausible explanation, The n jepontine 
as zat be explained hereafter. t aipreolulinss 

+ The application of this theory to the 
tricity we shall subjoin to the MIN oe Pee ponce 
will be giyen in the course of this Section. Doug 


phenomena, are too deficient to deserve 
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CHAPTER iil. 
icit: particularly to Conductors- 
Rlectricitys ain communicated 
WHENEVER ay seed a js confined upon 
, be it positive or gets with that body alonger 
it only by oe es and sil) re the electrics eS h 
qa shorter times ie he electricity WO" 
ie it are more or less perio a ae he bing it, remains 
is superinduced upon @ are it is surrounded by the alr, 
upon the tube, insomuc’ 28 he air is ina more or less 
which is fra Cia eee t ‘ts moisture, UFYDESS, 
perfect electric stats * : ined upon the glass for 

_ so the electric yirtue is retaine at pas 

Be, hey shorter periods and somelnecs rds of 
glass tube will remain sensibly electrihe ‘or up 

enty hours. 

ite finger, or any other conductor, be presented 1onn 
excited electric, it will receive & spark, and in that spai 

a certain portion only of the electricity of the excited 
electric, because that electric cannot convey the electri- 
city of all its surface to that part to which the conductor 
has been presented. Hence, if a conductor be prese! 
successively to different parts of the excited electric, it 
will receive a spark at every approach, until all the power 
of that electric is exhausted, and then a new excitation 
is necessary in order to revive it. 

Whenever a conductor, which communicates with the 
earth, (viz. not insulated) is presented at a convenient 
distance to an excited electric, it acquires, on that 
aot rapes electricit y contrary to that which is pos- 
ate y the electric. This electricity increases as the 

y is approached, and at last, there being aa eager at 
rinse bap positive and negative the 
uctor receives a 3] 
means the balance is oe ie eae 
If the conductor do not communicate with the 
but be insulated, then on being presented, as 


130. 
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the excited electri nine 
Set ne ectric, not only 
y ; lectric, but theo item 
lectrified; with this diffe Ppostte side also w; 
Shish ip exposed to the aeaawaled that a 
equired a) “ctrici 
Seen, at ye pera he electric, has 
electrici y as that or he a ae meee the same 
les of the Canilliet aA as Rie diferene 
comes nearer to the elect: Ee Bien conor 
poe bt the electric, airbene ee fecines a 
eedcar hey an mes throug! : 
5 All those effects a with the sheet ae 
if a thin plate of glass Pe Paes ar 
substance, be interposed Beker 
excited electric; but then a 5 ek : 
electric to the conductor. ‘fete o- i 
bursting the interposed Glettries. at tive tae 
passing through the air. This dis tae cy eee 
collapsing of the air is what caus Z the Pad oy 
i srk es the noise that attends 
n insulated condu E i 
city from an excited atest: a eae 
be electrified by communication) ill pes eve el eat 
like the excited electric itself, e SEEsting tat when iit 
touched by another conductor whith i ae ean 
the former will give one spark to ae ‘i ee neem 
at once all its electricity; because the F ie vig akick 
belongs to every part of its surface i say espauaea 
through its substance to that side o nia he otter 
conductor is presented.* Hence it feo fe hocks 
tricity, which is discharged by an clectribedta bay fated 
conductor, is in general stronger than that whi his dis 
charged by an excited electric. pee 


131. Ifthere be two insulated conductors, one i 
of which - 
trified, and if this conductor be touched = the Senate th Sse: 





me manne) 
T; 
or of other electric 
€ conductor and the 
nnot come from the 





* It must be observed, however, that when the electri 

' d con- 

ductor is large, and much extended, a trifiog Becta 
remains upon it, which will afford a second, 


but incomparably smaller, spark. 


eater 


agreater OF 6: i tity is * 
elated oh it strikes, are 


whiel 
te 

js more or less Pe! : 
more blunt, and as the conductor accompany the spark, are greater 
also as parts 


‘ ity of electricity» 
or less according to the ee it strikes, are blunter OF 


from which it roceedsy 7 
aerpers and Se ihe conductor is more oF less yee r* 
sharp-pointed body will throw off electricity to, any 
a greater distance than & body of any other shape; but 
occasions no remarkable noise, and is ‘attended with fittle it; fo 
not in a separate large © but 
Z 


in this case the electricity comes NOt I ve 
by little and little, or rather in & continuate stream. i e 


152. Ifa pointed wire be concealed in an open. 


tube that projects a short way beyond the 
covered with tallow, or bees-wax, OF sul ur, 


it will take a strong spark from an electr - 

It is remarkable, that when points are throwing off, 
or are receiving electricity, a current of air always @p~ 
pears to proceed from the point, and that is the , 
whether the electricity is positive or negatives > ae 
A pretty large quantity of electricity p ervad 
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mmunica ly asserted a ied, f 
Pulse, and urestaoine insulated hie pete first, that el 
Gated toinsulated fran ny ets Pitation; 2dly, that #2 a¥irkens thee 
in state of e fruits, fluids, and other bodies wree’e CO™mun 
that i Vaporation, it increa: odies which are actualh, 
Ait Promotes vegetation pen Hae S 
S show that electrizati 
clectricity, d lectrization, whether 4 
'» GOes not a er by i 

pulsations ina sound perenne feted 


on, which is often shee ett 
. ol il 
Prehension,* served in such cases, arises from f 
fear or a 
p- 


fruit, and 
SPP UNS, other sul 
on, is increased ee 


With res; 
Pect to yegetati 
t io A 
conclusive experiments avers the most impartial, 


diversi 
Promote nor retard eee that electrizati viene and 


lite. ion does neith, 
134. If the face. a 
4 A or an: 
to an excited electric, os iC s ete body, be presented 


trified. onductor strongly elec. 


phosphorus; gins d which much rese 
5 municat ctrici 
casion any such sensatio ed electricity does not oc. 


n, except when a large quantity 


is See? : 
A som begs be ie he have been a certain time 
i eas . bie 
ai ce, a certain ‘smell; wuchoas ieee 4 
ie me Ae for a considerable time after. ae 
<a % blag be communicated to an insulated 
ie carte 6 water, and the water be actual] a 
ee cone ck ‘ough a hole or pipe; the stream ‘less 
Biria sesh ae inch in diameter, will be éictlctwed, 
ip ier *0. in a bag as its diameter is smaller; it 
Water in a continuate stream out of 


* 
See my Treatise on Elect. ath edition, vol. III, p, 277. 
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out of which, without the 
will not even be able to 
@n inch in diameter, the 
carries the Suid further, 
‘bly acceleraied nor 


small capillary tube, 
ay of electricity, the 
aoe When above @ te 
ey though it di 
4 however, neither 
by electricity» 


ds the beginning of i _— 
Psat conductor is presented to an electrified body, § 
that 


that of the 

i ented side, an electt! ry to + 
quire ed baa We must now add a very romireare x. 
that no electricity can be observed upon the surface ; “age 
fed body, unless that surface is contiguous to an electric, 
can in some manner or other acquire the contrary el 
little distance; OTs jn other words, no electricity cam 8PI 
the surface of any electrified ea piece es 
to another body which has actually acqut 
aad those contrarily electrified bodies must be se oe 
electric. Thus, when an insulated body, which stands at a —e 
from other conductors, 1s electrified, the air which surrounds © 
performs at once the office of an electric and of a conductor; for it 
acquires the conirary electricity at a lide distance from the elec- 
trified body, whilst the intervening stratum of uir separates those 
two electricities. as 

137. With respect to the passage of electricity from 
one body to another, we may in general remark, that if 
the repulsion existing between bodies that are 
of the same kind of electricity be excepted, ali the other 
electrical phenomena are produced by the passage of 
electricity from one body to another. 

With respect to attraction and repulsion, this 

law must be remembered, that those bodies, which are 
possessed of the same sort of electricity, repel, or tend 
to repel, each other; but bodies, which are possessed 
of different electricities, attract, or tend to attract, each 
other; and there is no electric attraction but between 
bodies which are possessed of different electricities. 

‘This last assertion may at first sight to be contradicted 
‘by the effect which takes place when dodies are tt 
an excited tube, or to any other electrified body; for 


tracted by it, though they have not been 
electrization; butte ieaty wil wanish, if it be: 
the small bodies Hannay aire the 
by their being brought ninth sphere 
body; so that when they are, 
of the contrary electricity. 
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138. THE ele 


to electrics; but May also be ¢ 


this commu 
ral circumsta 
e communica; 


u Ommunicated 
Nication to electrics is at. 


Nees, different from those 
tion of electricity to con. 
any of the latter receives 


‘ pervades its 
creas when an electric { 


» 4 Spark from the latt 
Small spot only; for. 


some electricity, that electric: 
whole substance; wh, 
to an electrified body. 
trify the former in a’ 


its non-conducting quality, the electricity cannot ex and 
itself through it, In short, when an electric is eles d 
to an electrified body, the former will acquire differen: 
electricities on different sides, (as has been said of con- 
ductors in the preceding chapter); these electricities 
merease according as the distance between the two bo- 
dies diminishes, viz. ag they are brought nearer; but if 
at last a small quantity of electricity be communicated 
to one part of the electric, that electric will not become 
throughout possessed of one electricity, but will, in some 
cases, still show different electricities on different sides; 
and in certain circumstances, many repeated changes 
from Positive to negative electricity may be observed 
upon the very same electric. 
139. If to one side of an electric sufficiently thin, such 
as a pane of common window glass, a plate of sealing 
wax, &c. you communicate one electricity, and to the 
Opposite side you communicate the contrary electricity, 
that plate in that state is said to be charged, and the two 
electricities cannot come together, and annihilate cach 
other, unless a communication by means of conducting 
substances be made between both sides, or the electric 
plate be broken by the force of electric attraction. 


€r will elec. 
» © account of 


ysl 
of Electricity: 


ti a 
icities of ar 
electrici of course th asst a; and 
id to 


use whe 
ae ace munication — 
: the discharge os 
a sudden motion, 
which it passeSs 
a eer the muscles through 
un fea 
ae peculiar sensation 
gu 


Jn order id the baer sa ie tit wih 4 
a ane uch arg comes 
conducting sul ae charging and discharg! me ofthe coat 
wee electricity = Aes ithe sof the oh c 
ie ar ch coma 
it wil 


hee Siete the coatings of es each other towards 
maeae coatings must not come — Scekniald _ tion between 


Jate, for in that co ete are, not 

ie tee fa ready at hand; and that ea kee ee 
rain in contact, yet when oa 5 ee Ey ee, 

ate at force a passage throug! a a ba Agee over 

pilots st the electric plate from one ae her, renders 
ri incapable of receiving any consideral eee <3 
0. Ifa glass plate (and the same thing cing 

moe ubstances), whether 


derstood 0} r ic si 

d of othe electric t 
or rough be coated with some conducting substance, 
7 


ot 
so that the coatings do not come rey bees! Ss cans “ 
the plate; and if some clectricity be © epee Sy 
one of these coatings, whilst the other coa gees A 
nicates with the earth, or with a sufficient quat ~ 
conducting bodies; then the last matte cont 
of itself acquire about an equal quantity me 
electricity; otherwise the glass plate cannot 


except ina very trifling degree. 


cent lectricity tO 
f£ communicating el en peutic 
to ayoi or coat the sides of it 


late, it is CUSLO 








ty of conducting the electricity eS ee 
wo grou in come kod ol gas to render them gue WOM He 
the purpose of charging and ; : 


eed er ey 
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why, 
lectricity, 


Now the reason 
receiving one ¢€ 
other electr 


fe AC quires th, 
viz. the Same as was menti e 
electricit a thd Which bodies hav sogun jpove 
Gunns a haat | i that which is Possessed he _ 
ed bo d th ition 2.20 
las, Ys and the inter, 10s 
Bee piNekeens jhose electrcities separate, bate i 
ge 00 hi; and the gla. bares the 
t Z lass plate too t 
a aa attraction: between the two diffvreat ne thes 
and, be eee through the glass, discharges” 
A AKINg it, renders j a 
charge. * § it, renders it unfit t 


receive another 
141, 


This remarkable i 

t his u Property was discoy, 
ven Kleist in 1745,¢ but it was first sutisfectonie : 
iced at Leyden, where th na 
with a phial; h 


N€ Experiment was Performed 
b d on the insi 
me Outside fo: urpose of charging, &e. eed 
sai ey the Leyden Phial, otherwise an electric Jar; and 
eer weing and discharg’ electric, in ge. 


If a coated glass plate or jar, 
charged, be insulated, and only one 
sides, be touched with some condu 
not part with its electricity, because the electricity of 


one side exists in Consequence of the contrary electricity 
on the opposite side, and they, by their mutual attrac- 
tion, confine each other on the surface of the glass. 
Therefore, in order to dischar: 


‘ge that glass, bor 1 coat. 
ings must be connected by mi body 


after having been 
of its coatings, or 
ctor, that side will 


1 cans of a conducting body, 
and then the discharge is made 


through that conductor. 
Dia. ic SS nape ee Dl 


* Those effects take place in the same mannerif the glass be not 
in the form of a plate, but in any other Shupe whatsoever, provided 
it be iently thin; for the thinner the glass is, the higher } 
it receives; but then it is more liable to 


ni f be broken by it, 
+ Priestley’s Hist. of Elect, 3d edit. vol. 1. p. 102. 
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ecting each 
-echarge may also be made bone ng 
phe disc’ ie large quanuty of con or i nis e 
is i rder to discharge 4 Jat saber = 
wee fe with a conductor, as ef os = 
cae aes chain, no particular 2 as om i 
a a ‘But as soon as the rie ben doth cate 
oe Peeithin a sufficient distance 0} pages 
ees I be seen between this end o ee 
pone tn accompanied with a report, 4) 
that coating, 


ist ia: aire by the discharge of a petra 
thus pro D ae Si 
aes tied much brighter, much louder to ed eos 
ti than that w | ay 
time mee Sa ea atal quantity of ae. ae ee 
ue ‘icati een the barged of 
¥ sae F Se a age PiEet pe ga a Seager ann 
a &e. the discharge will y 
wood Gaia ie ari course its effects will not be so great, 
jut no! 
itis di rged suddenly. a 
7 ae: ae Sa which is produced by cote Lied 
et Aiateeneas, is proportionate to the ke werts te oe 
Santa that the charge has been <3 phos emt jae 
gree. Henge ane of nae ia Areas may be 
charge, and the effects epee 
degree. A number o} co. jars, con 
Bear sane as to unite fees — and act like one jar, con- 
i tis called an electrica artery. 
ete autae ue discharge, the electricity, which Et sags one 
side of the jar to compensate the contrary electricity m4 
site side, through good conductors, has been found wo more 
i jable quickness. rae 
inePhe force ni the noise of an electric discharge is not — 
by the inflections of the conductor through which it passes, 
i kened by its length. 
weal) Gapeate that the electricity finds pape bon 
in going through even the best conductors; for in some cases: 
will prefer a short passage t ‘the air, toa long one 
the best conductors. The obstruction is Rreater where 
tors, which form the circuit, ape not in perfect © 
cially where the el must pass from a 
less perfect conductor. 


142, A strong shock sent through 
plant, puts an end to animal as wel 


js tou 
one en! 





























*'The common Saleem ix the plant 





On Trupti 
S aki 1ption th 
a8ia condi: € dischar, 

. ci 
fails to en 2’ Spa ee (notwithstanding ae Water 

€ a ate 

ag Contains jt, — water, and aa whi, : Water 
§ © Circuit between. by Making en breaks ‘ntyer 
Water, the shock T the two sides Small interrupy 
@ spark in the seui®, Passed througy gt E*¥de pat 
Produce an oxen. that dischar & soas t I in 
and exceedingly gmaq) Se, Will be fo duce 


It a vast 
ps > Which is re amet elastic i Série 
mal re 
¥drogen and ac and appears to bea mint 
MXture 


yey bodies. In several rae oe 
shock upon an interposed body i 
that side of it which eentue 

= of the jar or battery. 
strong sh se 
qunas ie oe sent Conta a slender wire, or a 
bs ~ id as ’, Makes it instantly red-hot, melts 
bm ae the fusion is perfect, reduces it into glo. 
ee, ifferent sizes, or even into a scoria.* If the 
placed between pieces of glass, the shock, by 





easiest by electricity. The shock of a small ji ‘poated . 
4 ounce phisl is suficient to destroy the life of a fll grown bat 
sam. The plant be; to droop immediately after the ihece <2 












_* The fo ich is required to melt wires of the same metal, 
must ‘be, r or less, according to the Tenet sphtiomanet 
the it is far from bearing any direct proportion to the 
qui 


‘metal; for if a wire of a certain le id diameter be 
yy u large battery, a wire of a eh a twice 
perhaps be melted by less than ten such bat- 

Py et SSS =" 


UB facta Fs Wife 
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Of Electricity- 
it i very substance of the 
i i fe it into the very lores 
ing it i ees , are generally shatter 
eke glasses themselves g 
ass 
jeces: 
0 piece i 6 
ir those Ele ts eal shock is of 
yeights, then 4 YoUTights, but also of breakin ck glass 
: ingens mea the force of a large battery- A thick 
y likewise be broken into innumerable ine 
2 E rt of its surface, W 
i hock over & small part © su : : 
i Els wel hts, without the interposition of any metal. 
prea aa He ins are not broken by the explosion, they 
Wine § 'd marked with the most lively prisma- 


‘ill frequently be found ¥ 4 3 
then it ach lie sometimes confused, and at other umes 4 
fen prismatic order. The coloured spot 1s evidently bagi 4 
thin plates or scales, (73) partly separated from the — eee 
generally occupies a space ‘of about one inch in length, 2 
inch in breadth. 

143. When a moderate shock (meaning 2 shox 
js not sufficient to melt the metallic circuit) is sent 


through an imperfect metal, especially when the circuit 
consists of several pieces, as & chain; a black dust, in 
the form of smoke, will proceed from that metal, which 
js a metallic oxide. If such circuit be laid upon paper, 
glass, or other non-conduetor, this, after the explosion, 
Will be found stained with indelible marks, and often 
shows evident signs of having been burnt. A long and 
permanent track may be marked upon glass, and upon 
several other bodies, especially upon certain painted 
surfaces, by passing an electric shock over their 
surfaces. 

A shock sent through several metallic oxides, when 
these form part of the circuit, frequently reduces them 
into the metallic state. . 

b: a genio 8 strong shock sent through a mam 
dineaian iuviigoanteh paper Manioer and at — 
; gore ’ on reversed its poles,” 
ae Leespeetons will show the circumstances that 
r ly to produce such effects, When the change of 
eight feet of coated glass surface, i 
through a fine sewing-needh i ane ss Natl 
often acquire a ma r ih gine he Sea ‘ 
Bnetia panty, so.as to traverse 


metal be pressed by heavy 
5 often capable, not only 


'S! 
such thick glasses 


by only 


meaning a shock that 
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6 or Electricity, 
laid sently u 

Pon the water, Tf th 

€ast and West, then that end of ahs 
the shock, viz, that i coe 
Sitive side of the attery or j i 
North; but if the | rectal, 
South, then that end of it which stare 
north will, in any case, point North 


ing north.* ‘Ty ver cannot 
of the World, for a reason which wj 
section, 


145. A small shock j 


flammable substances; and inflammable 
red even by a Spark 
conductor, 

Ifthe moderate charge ofa large battery be dis, 
between two Smooth surfaces of Metallic bodies, lying 
at a small distance from each other; or if the explosion 
of a battery, issuing from a pointed body, as the point 

peatedly taken upon the smooth and 


charged 


of a needle, be re 
Plane surface of a metallic body, sit 
tance from the point; in either case the metallic surfa 


the prismatic colours. 
146. When the discharge 


ng substances, as 
electricity, instead 
will go. over their 


Water, raw meat, moist wood, &c, the 
of going through those substances, 


* See Franklin's Letters, p. 90, 


+ For further particulars concerning those circles, see the Phil. 
Trans. vol. 58, ‘ 
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he subs jon to t 


i jowers 
elicate fi 
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ic explosions 
bak That colours- apie 
electric sparky Weg gas, it appear 
é in carbonic ac bye 


The elect 


vin 
a io bye 
wently change t sw 
free colour of th i 
moniae gas is purples 
anthe electric Pa her pera 
alitle its Pay others it diminis 
increases; ane in degrees". ar 
quality ing the. electric dincharge 8 Broo 
re of oxygen a ee rie , jc fluid which is com- 
he itrous acid is agli eory, the electric flu A La ae 
the ni According to the th Jass drives away the SEAAEE 
147. aN ‘one side of ihe Cait of one side siscees = ae 
municate ide, or the electr it is impossible to “ 
from the other side, osite’ side; but lt pret soe 
electricity on the € ainaioll can operate arate aba dae 
this virtue or a Yeats fluid; much ox ceed initio. 
ar vi to 3 4 fai 10% 
Fe tes electric fluid residons a seat Twihe frst cane, 
tee i ‘ir conuguot - into U 
in the air co tain way : sub- 
oe eraiconal electric fluid des lin elven soa 
sance ofthe gloss follows, vata plate may Beg pers 
sta i. uid, 
the electric s lo ola ae 
bid a Gate ceedingly thin, viz, 600th 
a balls blown ex: 0 of 
cares aaa thick, when coated, &c. were found capabl = 
i inch in dia- 
i alls about 13 ini 
PME Cantbit charged some thin glass ge Peale irre “clo 
mint avin one La ana hermmeallye If those balls 
afterwards sealed the ends o! abe apy 5 7 
lectrometer, they sl n lectri- 
were presented to an el Fence thane rey 
citys i re warmed, by being kept a s time before 
the aeoheeatiaeeapeearat to be strongly be phate ben Heres 
e i i been com) their 
ased of that electricity which had an 
Tnsides which shows that heat renders the glass permeable to 


: in a mix- 
ny times In 9 
ir and azotic’ 85) 





i ‘on different 
Dr. Priestley’s second vol. of Observations 
URAvoR ath and ppp ch a eg of Experiments with 
feylerian Elec, Machine at mm. 
bi a ae Cavendish’s Experiments, whieh promegt Ghee, 
murkable discovery, in the Phil, Trans, vot. PS and. Rie ahes 
4 The cha ng of « jar does by no means displace fem 
its inside; neither does the charge heat or eool it, 











electric fluid : of Electricity 
tutes the pee electricity js , 
a aN clectric Hit Boca the superfy th hic 
Pete than hae it ae ays Fetain x flectrict Of eee Soha, 
1€ Opposn ae: ouffic le mo it ing 
Charged ne aipiakdas Ifa charged ; {2 counte et Teli 
tod, alter the dischanes a Coatings vp nsulated, andthe etry 
€ dischatping m4 oe, Oth th an insu}, 4 
. ging rs . NE side. 4 fated lig. 
city contrary te ae Will be found sligh f the glass to fi hang 
148. Som ‘at Of that side of die ia POSsesseq oP tie vik 
8. S © very , ja hich Cheer, 
of which is far fae, TomTKable plicheinenae touched tua 
: a, 


bited by flat Peas beir 
Plate. Tftwo Rat 
other, and their 


Oil, in 
F the usual manner of coatin 


the Leyden e A 3 . 
‘Xp r gas 
Presenting: one ike alg and if these bee plate for 


pt a to each other; but if the charge wil] adhere 
vas charged’ positiv whose coatin, 


ly i 
Sides, and B newative (2), vt! appear positi 
@ative on both sidee Trae ve OM bot 
One upon the other as before ice these plates be iad 


discharged, by ma. 


charge, the se i 
“ paration be . 
light wi Ute made in th 
Be Basi Be pe eiied between their stil flashes of 
Syd Aer sge see together, touching thee ‘ aoHaege 
observed for x ie ihre le the lashes: comet 
Pie ‘ siderable num Dain may — 
ing by Pp until they Patsite > of times, diminish. 
it ; . ay 
yo tthe Hot constantly the  same-with 
tioned.phenomena; but itm nn Pte glass exhibit th all'sorts of 
glass plates, when treated in hore OY. Mr. HL Ret cb ser 
Sd, reliratbe became manner, i enly, that Dutch 
Becear ne eeuvesside. He also observed some orien wen pontine 
‘aria endeavoured to account for thas aes irregularities, 


by supposing that when tw, and. 
o- badi ri Pheno) 
electric; or two contrarily and wale athe eioeend. an 
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lectrictty> - 
- ther, and their electrici- 
2 Z yunteract each 


o1 
powers Cor how a power 
dy the electrics Se called 
they a par cities- This is what he call 

r 


1 
ies soon @ 
ties O put as $00” er thei 


rec! 
i spect to com- 

erve with re t to 
be he application of it either as 
paar 5 and shocks 


f Pare k 
$ Jectricity > © of spar 
icated elector Gr in the form 0° TP stionably” set- 


nque! 
ody, has been found ¥ 4 er 
10th ee vari 3 disorders, some ©} age ee 
i n. 
dical applicatio eres 
fessed that — eum is 
the same UM that tpable degree: 
frequenuly successful to yer ae eae 
Without entering into in caren 


ing i the particu " 
ng its power, or x Lani torr 
Srnaed ‘chit in particular disorders, I shall in ge 


seati ectricity has mostly 

neha cat the application ©’ of obstruction, peer 
Ls aera i f retion; and that a 
of motion, of circulation, oF © sec H 
gentle application has, upon the whole, proved more 
advantageous than strong shocks. ‘ : 

The most general practice is to insulate the patient, 
to place him in contact with the electrified conductor, 
in the manner which will be shown hereafter, and then 
cither to present a pointed body towards the part affect- 
ed, (which produces rather an agreeable sensation, and 
is called giving the electrical aura); or to draw sparks 


from the part, or at most to pass very slight shocks 
through it.+ p a 


» For further particulars relati is vi 
see Beccaria’s Art. Elec, Par Ii, a a tea 
Elec. 4th edition, vol, 11, Appendix No. 1. Sao 


t A novice in this bran osophy 
derstand the meaning Pro = ' 
and the preceding cha beth nak 


f this. 
together for the sake chureinga’ hap 
principles of the ree Sek at oe 
tthe experiments whieh will eae 
Probably remove every diMcuky, 
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CHAPTER v. 


a a ahd the Electrical Apparatus, 

. electrica i . - 
necessary either for cy aimee mea of Instrumen; 
mulating, retaining, and employin e82 OF for accu. 
Measuring it: i Fre or Sty, fap 

e ig its quantity and ascertaining its qualit 
= “4 hance Instrument for the prodacten.ch elec. 

’ tsa machine capable, p: Beis 
an electric, SO as to Ay electrical apmearnsercit 
most essential Parts of this machine are the electric, se 
moving engine, the rubber, and the prime condi 
viz. an insulated conductor, which immediately receives 

the electricity from the excited electric. 
The electric was formerly used of various substances 
and various shapes. At Present glass globes, or glass 
cylinders, or circular glass plates, are almost all the va- 
riety that is used, and which indeed are the most ad. 
vantageous. The most usual size for the globes is from 
9 to 12 inches in diameter; and they are mostly made 
with one neck. The cylinders are made with two necks, 
and they are of all sizes, even as far as 24 inches in di- 
ameter. The glass plates are also of various sizes. The 
glass generally used in this country for such purposes 
is the best flint glass. aS 
With respect to the engine, which is to give motion 
to the electric, multiplying wheels have been generally 
used, which might move the electric with considerable 
velocity, whilst they are commodiously turned by a 
winch. A wheel and an endless screw has also been 
used, but this is apt to make a rattling noise, and soon 
wears away. But either a cylinder or a circular plate 
may be moved quite quick enough by means of a sin 
ple winch, to which the hand is immediately applied, _ 
The rubber is the next article which must be de- 
scribed. After a variety of trials it appears that the best 
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inder are made of bet her 
lobe or a cylin Samed 


pbers fora gl 


jece 0} 
i tty long P 
v ith hair, 
d with 
stuffed ¥ 


d after having 
bber,* an eae 
i between the pinnae 
era over more than ot ee 
pat the latter. For a plate. 


ith a piece 
ie the circumference —— ase z 
pan 


tly consist ©} eid 

rubbers me eerie or of spre ne a that 
eae struction of al 

The proper con Se ian a eee 
the side of it oe i conductor 2 posible, in 
pee met the glass with eleatiee a _. 
psi ties * much a non-conduct aac * 
ben i i of the fluid which is 
order that pon 


the rubber- ; - - 
ripest pegs! be supported by @ spring, by 
e ru 


anda pre 
cm of the ru 


i ill produce & 
js here described, will re 
seis Haney crt oceyhindeas but re La: cyontip oni 

i itatio 4 ti e 
wey png ape igen an aloe 
all f zinc. The best way 0 ‘and drys 
wale the fubber with the silk Aap beet Aiea pet 
iin its place, as at Rl fig: 705 bhi aie under part of the 
UPR RREIS eae ears Airection of the letters, @y Re 
1 ‘is is revolving in 5 come 
Se ae particles of the amalgam will eal “ib ee 
ea iteele to the lower we ‘3 he vrlieal ie pale cael oe bond 
excitation prodigiously. The lea hen it may be required to'pre- 
‘inst the cylinder longer than it mm she leat 
Fame is effect; for when the excitation decreases, zn 
lied again. : : 
Tae gaatens of tints made with two ea Biren ~ 
one of tin-foil, with a small quantity of Lgetoeet = 
gether until it becomes a mass like paste. Se higher 
of zinc, let four or five parts of quicksilver beepers : 
the degree of boiling water, and let one Ly ve 
crucible or in an iron ladle. Pour the heat Bera 
wooden box, and immediately after pour the i 
Then shut up the box, and shake it for about alfa 
this you must wait until the amalgam is q) 
and then you oH mix it, by trituration, with, 
Grease, such as tallow or MUttON-suet, a Very 
Powdered whitening, and about a fourth part © 


of tin, 
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Which UL Electriciey. 
Means 
8lass, and th saul easily suit the 
nga or other pene Should e fixed faa ttility Of the 

© Faber insulated (8 StaNds it bei sonata 
US insulation ulated in several NS Useful to 

1S Not requ; experiments; ave 

Suspended to it, and hei a chain or wise When 


low brass, 0 i ’ 

covered with ar eoeted with tinfoil Op St Phites, 
lindrical with semintyec:, #8 Shape is’ general 

pri Ns Tn elobular terminations, ean is 

a pio ; e the 

be Thay, Should be h: ake j 

as possible from points, sharp oe oe 


edges, &c. for ¢ 
trie Aig, r these throw off and dissipate the elec. 


electric, 

or more, which are cal] 
—- the electricity, os 

e size of the conductor sh 
to the size and power of the pend 
prime conductor is, the denser and lon 
be rap from it, provided the electric 
ser sory oe md a certain size, the dissipation 
pa Netter =, be greater than what the electric 
van upp! Bis a; 1 that case the large conductor is dis- 
Upon those principles electric i ba 
U ‘al machi 

variety of shapes and sizes ‘have been Caen 
this as well as in other countries. But amongst all that 
bela Papo describe two only, which, upon the 
whole, are the most commodious, and are more gene- 
rally useful. oh aa f 

Fig.70. an electrical machi y 
PE es occa Salita er eed cena 
and which may be fastened to a strong table by means of one or 


more iron or brass clamps, as at Q. The glass cylinder AB, quite 
clean and dry in its inside, is about 10 inches in dlunistery at is 


be proportionate 
The larger the 
ger sparks may 
be sufficiently 
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ither of wood or b 
Sinented.* Each of th 


prass; into which its two 
ose caps has a pin, 
‘ch turns ina hole through a wooden 
fa glass pillar, as at Aand B 
are firmly fixed to the bottom 
ve-mentioned projections passes quite 
as at A, and has a square termination, 
nd secured on by means ofa 
t D, the operator may 


hh two caps» 
e firmly cem 
or pivot, wh 
y ted on the top 0} 
AG, which 


ished wit 
Short necks ar 
that is cemen' 
Jass pillars BE, 
EF. One of the abo 
the wooden piece, t 
AD is applied a fs 
Then by applying the hand ai “! at a 
i ater Se: Deemeties the part AC oe hese 
nay f ir in order the more effectually to preven — 
meer electric Avid linder. ER is the rubber. an 
o} 


from the cy Ss be 
Py ak rhis cushion or rubber is fastened to a springs 
ine len a socket cemented on the top of the cae 
irs The lower part of this pillar is fixed intoa small board w! - 

slides upon the bottom board of the machine, se by bereabecr 3 
screw nut and a slit at H, may be fixed more or less sist vie 
order that the rubber may press more or less upon the cylinder. 
NF isa glass pillar which is fixed in the bottom board, and sup- 
ports the prime conductor ML, of hollow brass or tin plates, which 
has the collector or pointed wires at L, and a knobbed wire at M. 
From this brass knob O, a longer spark may be drawn than from 
any other part of the conductor, But this knobbed wire is only 
screwed into the conductor, and may be easily removed from it- 


see Seer reer. ene. ee 


* The best cement “for this purpose is made by melting and in- 
corporating together 5 parts of rosin, 4 of bees-wax, and 2 parts of 
powdered red ochre. 

+ The silk generally used for this purpose is what is commonly 
called black mode. 

} As glass is apt to attract moisture from the air, in which case 
it conducts the electricity over its surface; therefore it is proper 
to cover with sealing-wax, or to varnish over, the glass pillars of 
this machine, as also all those glass articles which serve for insu 
lating; for when varnished, and especially when covered over with 
seuling-wax in the dry way, they attract the moisture, either bet at 
all, or in an incomparably smaller degree, and of course they ipsu- 
late vastly better. 
aa erp fo séyer glass with sealing-wax in the dry way, Warm 

glass gradually near the fire, and when sufficiently warm, tub 


jee 
Le the g 
poard @ 


through 0 : 
hich the winder 


a stick of sealing-wax gently over its " moans 
the vedlingswax ts melted, and adheres “ rs Poet i omit 
Way, the sealing-wax must be dissolved in very vol Wine, 
for which purpose you need only break the = ape 
bits, and leave it in the spirit of wine fora day or x 
Now and then—This solution must be laid 4 

Slass, by means of a hair pencil, and when cana ; 

Vox. I, 2B . 


+ 
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Construction made by the ab i 

} ove-menti 

a Tapa mene maker, for the museum of Teyler, “abEh rT 
cular description of which was given to the Public aoa 


arum.t by Dr. Van 
This machi 


Rene one Each plate is excited by rm it be eeu 
any cme ats hence 
id pre. » collect the electric fluid from their inner 
The plate i i 
Broan ental ens et 
Bieta: A course they are not ea. 
In the plate machines 


the rubbers are not easily i I 
tenis ¢ not easily insulated, yet 


been accomplished by various, rather complicated means,{ 
Besides the electrical machine, the Operator ought to 
have some glass tubes, and one or two pretty large sticks 


quite dry, then a second, a third, and even a fourth coat should be 
laid on, 


The best varnish for this Purpose is the amber varnish, which 
indeed answers a8 well as the sealing-wax in th 


scription of the process in my Treatise on Electricity, 4th edition, 
vol. III, p. 296. : 

* The rubbers generally consist of oblong cushions that are fre 
quently affixed to springs; but sometimes they are only pieces of 
leather spread upon wood, to which silken flaps are affixed, &c, 

+ See « compendious description of its effects in my Treatise on 
Electricity, 4th edition, vol. IT. p. 973, fei, a 

4 See the descriptions of those machines in letters from Dr. Van 
Marum to the daar M. Landriani, and to Dr. Ingenhouss; 
both printed at lem in 1789 and 1791. 
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; ee 
ive electricity: essary 
negative © instruments necess i 8 
ee aa ; are coated elect aes lace. The form 1s 1m- 
of Hee detdined the ay Hs quality of hes 
has jus thickness an ceive a greater 
materia but Oa Thin glass can more liable to be 
be oe but it is a 


1 the same time r bar . 
ken by the discharge. A sing bg may pre 
thin but such jars as are to form a larg 


battery must be 
. 3 
alittle thicker. When their openings are marr 


‘ow, those 
gt A fil 
jars may be coated on the inside heer lings, 
Sich are stuck by means of gum-water, 


the accumulation 
ee which glass 


or paste, oF 


i ings are sufficiently 
melted wax; but when their aga eo 
large, they may be coated on the ‘lt 
the outside with tin-foil, or sheet lead, or gi ing] 
either of which may be stuck with paste, or varnish, 
gum-water, &c. ae 

Fig. 73. represents an electric jar, coated with tin-foil on a 
inside and outside, within about three inches of the top ef its cylin 
drical part; and having a wire with a round brass knob, or ball A, 
at its extremity. This wire passes through the cork or wooden 
stopple D, and its lower extremity touches the inside bine 2 

Fig. 74. represents a battery consisting of 16 j with 
tin-foil, and disposed in « Proper box. The wires, which proceed 
from the inside of every four of those jars, are ved 
or fastened to a common horizontal wire E, which is 
cach extremity, and by means of the wites F, F, By the 
Coatings of 8, or 12, or all the 16 jars may be 


The inside of the box which contains those jars, is 
With tin-foil or tin-plates, for the pu Seon 


fectually the outside Coatings of all ¢ jars, 
box there is a hole, througk which « ue ena peseee, 


which communicates with the linin, 
ae outside coatings of the jars. Toten 
a en which connects it with one branch of b. 
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=e A Electricity 
int ae discharging Yod consi . 
0 the brass = Consists of the ¢} 
Pened and shut psec? aNd the & Blass handle 
Sate Shut, like a pai rved Wires ceme, 
es Of those ae Pair of compasses, bya B, which Tay 2 
Robs D, Wires are poi , Joint at y 
st inted, C, 
© UNscrey, Thich they are scre ae the points enter Thee, 
either th ed at pleasure With ge and from whi h i brass 
A © points or t} - this constructi ey 
ischarping ; he balls, ai i Uction, ‘) 
133. Ene iars of various quand the instrument may be at 
$ - 75. repr ed fo, 
: & very useful dhbtranees Henley 's Universal Discharg ‘ 
at board or pede: & great variet «BCT Which 
stal about 15% ¥ of experime 
» B, are two gi, A inches long, 4 NUS. A is 
€d at top with brace ean? pred fast into om pate ae thick, 
Supports a sprin; » each of which ha ial one tish: 
g-tube, throu; i 2 vertical joint, 
DO ose AS consists of theese eich, the wire DC slides, kat 


Boe ists '€€ pieces so ¢ 
» besides its sliding through the Sea \4 
“socket, 


Motions, viz. a hori 
*@ horizontal and a i 
@ vertical one, E; 
» Each 


'C, DC, is turned in i 
ey 
a brass ball D, which, by meee one ont and at the 


upon its pointed extremity, 


sure. E isa Strong piect 
j € of wood, or t 
meter, having on its surfac. tpotinne 


with a strong cylindrical fo 
which is fastened into the bottom board 
ee ele to detain the foot of the cire! 
quired height. His a small press which bel is instr 

It consists of two oblong pieces of oaetee tie a beet 
against each other, or against any thing that bei babe 
by means of the screws and nuts a, a. The rokeear hows Eeaead 
has a cylindrical foot equal to that of the board E, When this press 
is to be used, itis fixed into the socket F, in the place of the circu- 
Jar board E, which must, in that case, be removed. 

153. The instruments which either manifest the pre- 
sence, or manifest the presence and the quality, or mea- 
sure the quantity of electricity, are called clectrometers 
or electroscopes; and they have been made of a great 
variety of shapes, from which, as also from their uses, 
they have derived peculiar appellations. 

y ha peculiar app 

A simple thread, or a feather, or other light body, 

imply suspended by a fine thread, may be used for 
simply pe! ney, c 
exploring whether a body be electrified or not; for if 
the body be electrified, and be brought near it, the 
thread, or other light body, will be attracted by it. : 
The simplest electrometer for ascertaining the quality 
as well as the presence of electricity, has been already 


das that the wire 
has two other 


ot that fits the 
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nd 69., and is 
; pesented 2 ne sae Hier (127.)- 
ee Canton’s electro re Oa 
its inven >; Quadrant Electro 4 
cache ene d. roma which it may be 
“707g, repr t as be 
Figs 70 "mall circular § 1 ee 
ed upon & small EE nay, Peed pen he prime 
fixe’ sionally separ Tijs electrome indicates 
conduct he Cor Tad ie 9 
ci ’ 
const ; ass ferrule 
jens aving a brass fern 
Jt consists of £ 3 and ba Hg a brass ferrule 
globular eg treniityh by which Hs ne ae. 
tits lower €X OF pen the iel bate 
fi Bi CO f the stem a graduated 1v 
te "To eae es ne the middle of which . a 
seni ieee is of the index. 
ae i axis 0) 
micircle 18 ! a in or ox in 
esas which contains @ Ps Oo ee ee 
eeihdes “ts of a very slende saad 
Tene oat hb » centre of the graduate’ se 
which reaches from the 


; ferrule, and has a small cork ball 
circle to the brass ese tv When this electrometer 
fastened te thea dex hangs parallel to the pillar, 
is not electrified, (bs S th brass ferrule, as in fig. 

d its cork ball touches the bra é =a 
Fe ‘i index is repelled by, or Tec 
hen electrified, the index c Yi, OF a 
ea s, according to the intensity 
r the stem more or less, acc’ 2 n 2 
ine lectricity; and the graduation on the ivory semi- 
of the € 3 E : C 
circle shows the force or the elevation of the index, as 
at P in fig. 71.* ee 
‘inci ’s Dischargi Electrometer, as 
The principle of Lane’s Discharging FE) : 4 
spiny ied especially by the practitioners of gee ene 
city, is shown in fig. 77. It consists of a glass arm Dy w i f - 
ceeds from a socket on the wire of the electrical jar F, and hao 
top of which a brass spring-socket E is cemented} through is 
socket a brass wire, with the ball B at one end and the ring Cc at 
the other, may be slid backwards and forwards. The wire od 
generally marked with divisions of inches and tenths. When hon 
jar Eis set in contact with the prime conductor, as represented 
the figure, and the ball B is set at the distance, for instance, Of one 


ibed; it 
escribe 
called, from 








* A vast number of alterations have been made to this clectre= 
meter, viz. the index has been enclosed between fre Wrery seml- 
circles; the whole has been made of brass, with wheels, 
and a counterpoise has been put to the in in order to me 
small force of electricity more perceptible, bat, ah the 
simple original construction, as Mevettl d above, scoms 
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an inch from 
the pau A; leta wire CK he § 
- ry and : 
sel ati ote cng 
a i ion, j 
Enough to leap from Tee points for when the ef ze aed 
€ place, and the shock aie as throug the ie " sl 
Ul pass thro wing BM 
by Newnan tered a 
Situati : 
a0 Peete ball B further ope forma one ape rn 
y oo heh ns as oe, same jar is capable of.* Stronger aka 
he pbertorm ; €ral atmospherico-electri 
eae ‘electrical exper} 
meter was much abstmeied fee fn saat 


4s placed, instead of t 


wind, in conseque: 


a short glass tube is cemented into j 

bs ae little within the neck ofthe Totnartf Project rie Sais 

Seancimens from cD to L, is covered with ei 

ened eat, which gives it the appearance of o; 
y. fhe inner part G of the small glass tube is also covered with 


sealing-wax. Into this tube a brass wire is cemented, the lower 


art H of which i i 
eae Piste se flattened, and is perforated with two holes; the 
u pnenibast oe oe Screw, upon which the brass cap EE 
gape cear ee ECA ts to defend the upper part of the 
ipaprus € conical, or oval, or globular, corks 
* this electrometer, are as small as can be made, and are au nd~ 

ed by exceedingly fine silver wires, the upper parts of hicaare 
formed in rings, which pass through the holes at H, and are there- 
by so loosely suspended, that they are caused to diverge when the 
brass cap E is exposed toa very slightly electrified atmosphere. 
IM and KN are two narrow slips of tin-foil stuck to the inside of 
the glass, and communicating with the wooden bottom AB;—they 
serve to carry off that electricity, which, when the corks touch the 
glass, is communicated to it, and if accumulated would disturb the 
free motion of the corks.t 
Ris le ees ae 

* This electrometer has likewise undergone a great many alte- 
rations. An improvement of it, and a combination of this and other 
electrometers was made by Mr. Cuthbertson.—See a description 
of it in Nicholson’s Journal of Nat. Phil, &c. vol. II. p. 528. 

+ A useful alteration of this electrometer was made by Mr. Ben- 
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CHAPTER VI. 


Electrical Experiments. 


inci j is chapter is, to de- 

. THE principal object of this cha : 
i epaaenes as are more essentially se 
for proving the laws which have been stated in the a 
ceding chapters of this section.—A few very triting 
a stick of sealing-wax, ora 


articles, such as a glass tube, 
piece of amber, and two or three electrometers, will be 


sufficient to prove the leading propositions of electricity. 
But the electrical machine being the principal article of a pretty 
large electrical apparatus, we shall begin by explaining the proper 


management of the same. 4 4 aa 
When the weather is clear and dry, especially in serene 


frosty weather, the electrical machine always works well. In very 





net. It consists of two slips of gold-leaf, or silver-leaf, suspended 

from the cover of, and hanging within, a cylindrical glass 

instead of the corks suspended by wires or threads. slips of 
gold are about 24 inches long, and sometimes they are narrower 
at their lower extremities. This electrometer is the most sensible 
instrument of the kind, and very useful in nice expe! we 
gold slips being caused to diverge in a ready and — 
her by very small quantities of electricity; but the instrument ies 
furnished, is by no means portable, (See the ot it in the 
Phil. Trans. vol. 77.) If very fine threads with glue, be 
used without any balls, they will be found neatly a sensible #* 
the slips of gold leaf. 








Y Machine 
ilowhig PE. sent power, by attending tat the 
elore the machine be Used, th 4 
2 . » the cyling, i; 
Feeley, an 4m cold Weather it should ap i ee 
: ping le while at & moderate ai gently warmed by 
fire. This done, if the winch b “istance from a common 


iS en it well, and place it near the fire, i 
ve Suk flap;—wipe the cylinder well with a w, 

silk handkerchief, and replat the rubber, Bittestere 
ee UY ae Sufficient force; then hold the pi 
wil © amalgam against the cylinder at its under pa i 

turn the Winch, and the HAaiAG will soon aequicHeueeen 
When this has taken place, remove the leather with the amalgam; 
Place the prime conductor before the cylinder, as in fig, 70., Wvipe 
its stand NF quite clean and dry, and make a good communication. 
by means of a wire or otherwise, between the rubber and the 
ground; then turn the winch, and the electric fluid, in the form of 
sparks, tay be drawn from the prime conductor, by presenting a 
blunt uninsulated conductor to its surface. The longest spark may 
be drawn from the knob O. If the point of a pin be presented to 
the prime conductor whilst the cylinder is revolving, a luminous 
globule of light will be seen upon the point, which is not attended 
with any noise. If the communication between the earth and the 


prime conductor, then, on Presenting a pointed pin to the rubber, 
a brush or pencil of light will be seen issuing from the point, and 
tending towards the rubber. F 

If, when the communication is made between the earth and the 
prime conductor, a simple electrometer, viz. two cork balls fast- 
ened at the ends of two threads, be suspended to the knobbed wire 
MO; these will hang down touching each other, as long as the 
machine is not in action; but the least turning of the cylinder will 
make them diverge, or fly from each other, Tf, in this state of re- 
pulsion, you touch the prime conductor. with an electric, as with 
4 piece of glass, or sealing-wax, or amber, or sulphur, &c, the cork 
balls will continue to diverge; but ifyou touch it with any uninsula- 
ted conductor, such as your finger, or a wire, or a piece of char. 
coal, &e. the threads with the balls will iramedi 4 collapse. And 
this is a ready way of trying whether a given body be 4 conductor 
or not. - 
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conductor, as SNe body poutitely ead +e ing 
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vate a pereie with the ae Lapin norte 
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The Flying Feather. 
155. Take an excited glass tube in one ro eres a 
and let a small light feather be left bar Pee \ 
distance of about 8 a 10 basal bie aN oe 
x ill be immediately al y th 
i aahers very closely to its surface during — = 
conds, and sometimes longer; then, ery —_ 
same sort of electricity, : wi i “<r pokes on a 
ing the tube under it, the feather ¥ . 
inthe air ata considerable distance from the tube, 
out coming near it again, except it first touches some 


‘deposit the 
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ing to 

cording: 
Now BV graw the el 
friction and throws it up’ 


conducting substance, upon which it fore 


acquired electricity. By managing the 
yeC rd drive the feather to any part 
pleasure. 

Vor. IL 2c 


of the room at 





the other end A be eT alls will immediately 


203 
oO. plectricitY- 
ectrict 2 
Hie yong um = ing this to be oF 
ut 1 att 08) sti : 

the Pri rs the fecater om t XPeriment, whi h ji exe) ed seali 4 ihe ess ae oe with 

ie electric fy sSason of whey ents MOVE the latter fogs negatively» ‘zontal positio pout two feet long, 

ry ba ya not easily eet the pa Ce when he toe alyjsulate ina eee: ‘AB, fig: 79°» rate extremity A; 
nducto; ‘ored, on ecoune ar her is once dint junt erminations) electrometer 4) end B an 

© feather being ng having @.cO" 10 inches Of its io immediately 

‘ é ring W balls © | exits 

156, Pl he Electric Woy inen De A tube; and, the ith positive election 
with glass ie . ) PON an insulatin, on With the same, fhe call immediately prea 

hg A e é ene or ll 

ucting ily Metal pint or ere (viz. a stool ye tube D moved, ¢ ty will remain in them n 

4 short Cork b, j) Ucarly of the Sal mug, or some other ether, 2! . eleceo te e is near one end B oft : 
the end of a silk uf lectrometer, ike, are then fasten ie rod. But if, pu i serge with positive clectricnys 
ie ~* "read, proc at of fig. 68. cork balls divero™ r with any 

electra, of fom any ote ceding from the Baia = rods and the with a finger, © 
| 


© electrom: eget ©, and you wi yee 
tation, and St pda it remains Bein ry 
face of th Wek ee inside sur. 
e ba ‘0 touch t Side ¢ 
acquire any past apa be attracted by i me ic 
ing out of the neity; but if a conductor. ae wah 
ectrometer, then th x ae communicate eaths 
ssthenithe Inerewerites n ith the 
by the mug. ‘er will be immediately attracted 


In this experi ; 
periment the elect ii 
Sap aalah r rometer is acted i 
ae “Sneed of the mug, and having no baie ritalin 
Fpecearn Be ectric fluid, or acquire any fain Let 
be Ps a nepacleyand of course cannot be ened Ses 
be op ae ts presented to it, then the psec tay 
u ctrometer in that casi ires ate 
fluid from, or can deposit its fluid upon; itisteeaorsean pea 

rs 


To show the action of Electric Atmospheres. 


157. Let a body be electrified, for instance, 


and if at some distance from it you hold an Bietonce: 
of cork balls, this electrometer will be found to diver, 


but with negative electricity; which may be easily ay 


ed; for if you present to it an excited piece of 
the cork balls will run towards it; but ae will iat 





uniinstl Pet es ar the rod were perfectly ee 
ae if, in this state of things, the <a a aie 
removed, the balls will immediately iba bE : re 
dectricity, showing that the rod AB is underchargee- 


oe 3 apie tat sheik en the rod is in @ 

_Thicxporinent ey Srcanel Teen the electric uid na- 
turally belonging to it, is equably diffused throughout the = but 
when the excited tube is brought within a certain distance of one 
ofits ends, as B, then the fluid belonging to that end will be driven 
towards the extremity A; which extremity therefore becomes 
overcharged, and the other extremity B undercharged, yet the rod 
has no more electric fluid now than it had before; and when the 
tube is removed beyond the sphere of its action, the superfluous 
fluid of the extremity A returns to its former place B, and the equi 
librium is restored. But if, whilst the extremity A is overcharged, 
the same extremity be touched, then its superfluous fluid will be 
conducted away by the touching body, leaving the extremity A im 
anatural state; but at the same time the extremity B is under 
charged; therefore, when afterwards the tube is removed, part of 
the fluid naturally belonging to the extremity A va 

y A, gees towards B, 


and of course the whol i ;. 
Bed DOREY LORS ince ee a 


This experiment, which ma i ified, 

_ Thi y be endlessly div 

poe as to be performed with a slmale nat Sol 

a ows how an electrometer or other body may be electrified pein 

ively by means of « body electrified pedctnie eee ene. : 
vy 





it 
about 3 or 4 feces under the prime 9. to hold 
ight bodies nail es distance from its Surf eUctor at 
conductor, lenin eon Move between ¢ ae and the 
Raiser Ping alternately from the fats at the 
‘<periment th 5 0 the oth 
in the sph ‘nt the small bodi er, 
actually’ possess 2 OF ‘the electrified price Tate, by being with- 
fluid upon the hand of thoy Clectricity, leavi ry become 
cates With the plates huge PerMto" OF other bady shane cette 
traction between bodies ‘iffercas ight bodies (o ly that communi- 


i . n account of the at- 
Prime conductor. Now as soon ae are attracted i aa 


cond: i i 
sce re nay pea eB 
between bodies paseenedice eee (on account of the agate 


A mt posed to be el ifi 
explanation requires a very trifii electrified ne; 
expressions, 2 ery trifling and very obvious 


That the small light bodi 
unless they Become feat se! Be aa 
be proved in the following manner:—Place thd eatignes oeiey 
pon a clean and dry pane of glass, instead of the metallic plate, 
and holding the glass by one corner, place it under the electrified 
prime conductor. _1t will be found, that the small bodies are not 
attracted, because in this case they haye no opportunity of parting 
with their natural electric fluid, and consequently cannot acquire 
the contrary electricity. But if a finger or any other conductor be 
presented to the under side of the pane of glass, then the light bo- 


dies will be instantly attracted, repelled, &c. for these bodies can 
now deposit their electric fluid upon the upper surface of the glass 
plate, whilst the under surface of the glass deposits its fluid upon 
the finger, or other conductor. If this experiment be continued, 
the pane of glass will soon be charged.* 


‘atively, the 
alteration of 





* The preceding experiments show the following facts, or laws, 
which we shall assume as axioms, to prove that the repulsion of 
bodies possessed of the same sort of electricity, be it positive or 
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will nae or 
on any other “ind of 


duce, 


in its sphere ‘of action, 


j to in 
tend 10° 
comes with 


its ey cannot apPe 


art of its surface 
fest itself, oF) 8C- 
quably diffused 
to some other body 
electricity. And those 
d to attract each 


ified on any PS 
ar electri not mani 


‘meaning that 
cording 
i ry 
through 1, sed of the contrat 
which is actually Pores ‘a bodies attract or ten! 


ily electrifie - 
two contrarily ¢! Me ic fluid is 
: he electric 
other. vt Pranklinean hypothesis, v “3 the 
5 hee poker its own particles, but attractive of 


elastic, that 1s, ~ ° oe 
particles of other Lyte be two sphistes of conducting matter, 
Now let A and By fig. contiguous to each other, and cal 
suspended in. the ved gins some electricity be communicated to 
of being, easily roe his electricity cannot be diffused equa- 
them, and itis evident that fh t be thicker or more conden: 
Eines el terete pant the point of contact, because 
CS aiRinaen i Jectricity; where- 
acquire the contrary ele ys 
eet ae alae e pine tht electricity cannot be manifested, 
pele fn that pluce there is no air or other body which can ac- 
quire the contrary electricity. Therefore the atmospheres ts = 
trary electricities cannot be concentric with the spheres A 
but must be situated somewhat like the dotted representation of fig 
80.; then the spherical bodies being attracted towards the centres 
of those spheres, appear to repel each other, as shown in fig, 815 
so that when the bodies are electrified positively, negative atmos 
pheres will be formed round them, and the additional elecure Rule 
of the bodies will attract, and beattracted by, those negative simon 
pheres. When the bodies are electrified negatively, positive at 
mospheres will be formed round them, which attract the wader 
charged bodies, 
This explanation may be easily applied to bodies of any other 
shape; proper allowance being made oy their more or less pertoer 
conducting or nonconducting nature, 
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Jar, &e. will affect either 


k, and pre- 
s : those who 
2 Who are at the 
extremities of the circu} ihiicts 


active in proportion as i 
quantity of conducting matter, 


The force of the discharge maj 
of experiments.—Take a card or quire of paper, or two cards kept 
@ little asunder by the interposition of little bits of wax here and 
there; i icles flat against the outside coating 
of a charged jar, and put one of the knobs of the discharging rod 


y be manifested bya great variety 


* Some sort of glass is more apt to discharge itself over its sur- 
face than others. A battery cannot in general be charged so high 
a6 a single jar, The dampness or dryness of the air does also in- 
fluence the charge. Yet Mr. Cuthbertson found, that by breathing 
into a jar through a glass tube, previous to the charge, the jar will 
be enabledto hold a much greater charge. He judges of the force 


ofa battery or jar by the length of wire which its diichalge is able 
to fuse. 
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hich will remain upon it dur gS seconds, 
: 294 ee be passed over . — . . tape Ln. —_ 
vill be torn into very small bits. 
be eyo of glass plate, the surface of the glass will 
thereby be marked with an indelible track. 
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* This shows, that the bur ee ter pee are made by the 
ion of the substance of the ca OF paper, b 
rete oreereh which the shock is sent, be painted with any 


Particular colour, a permanent black Mark is generatly belt upon it, 
especially, if it, be painted with vermilion, 
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In this experi: 
Henley foun) iment the glass plate i 
viously lad upon it jgertende roken it weighs es at Mr. 
that part of the elagg  ptse '© Place a thick Bit have beat Mi 
4 glass which stood be © of fee? Pre= 
Wires, and Upon that iy etween the of ivory ay 
he placed €Xtrem) pon 
an ounce to six pound: ory he placed any cig es of Wh 
Seherally be Bererine ceing the dischan, warter of 


a“ ES, so} i 

| fi » Some i 

thick to be broken by the sis rere iG the gistine = 

lively prismati om it will by 

ae t o matic col i e fo 

e weigh sala ae Ese Dey separa Se 

quite thrown off Hn olen. We “splosion, and 20 tines 
161. In order to 


Leyden phial, make a Sena ppowmdey by means of the 


If the gunpowder be placed 

terruption ofthe wire Ree ee Peet paute in 

charge of the jar, the spark which takes place at thet fa gst. 

will scatter the gunpowder without firing it. But ie Toots eae 
powder may be fired, if the shock be transmitted throu h jee 
fect conductors; in which case the discharge beit ‘ Fak 
rather proceeding in a stream, the Powder will be fired. The best 
method of performing this experiment is shown in fig 82 

JES the gunpowder, placed upon the same table upon which the 
Jar AB is situated; CD is a glass tube about one foot long and a 
quarter of an inch in diameter, full of water, and having two corks 
at its extremities. Into these corks two wires are thrust, the inner 
extremities of which just touch the water, viz. the short wire at D, 
and the long wire CA, which makes the communication between the 
water of the tube and the knob of the jar. On making the discharge, 
which must pass through the small quantity of water in CD, and 
through the table FB, both imperfect conductors, the electric fluid 
comes out at D, in the form of a dense stream, which generally 
fires the gunpowder at F. 

162. If a spoon, containing spirit of wine, be con- 

nected with the outside of a Leyden phial, and the knob 
of a wire, communicating with the inside of the phial, 
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s n the 
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i lace those glass . r, fig. 75. 
ie prem Ho te ie Sot be tet Es 
Oe in the place ‘ =v 
which press must beter res D, D, with the Laeicsy: | 
then by connecting“ tallic leaf, &c. send the charge 
extremities of the HEN oh it; the consequence will be 
a pretty large 9° gin ally shattered by it; but whe- 
Srl era ta eet th ; will be found indelibly 
ther tt orl pease s forced so far into the 
marked by the metal, which is entuvie ul 
ores of the glass, as not to be affected even by men 
bi which otherwise are wont to dissolve it. 
eee ee s 
belonging to 
* It appears that the highest charge of & het 7 prin Boos 
Dr. Van Marum, and containing 135 square feet o! aa 
could just fuse 180 inches of iron wire, yt of an inch in diameter, 
or 6 inches of iron wire, Ay of an inch in diameter. Anether any 24 
belonging to the same person, and containing 225 a4 
coated surface, could melt, with its highest charge, inches 
the first-ementioned wire, or 10 inches of the last, Also oe 
charge of a third battery, which contained $50 squ — costed 
surface, could fuse 25 inches of the latter wire, Nicholsen’s Journal 
of Natural Philosophy, &e, vol, 11. page S27. 
Vou. I, 2p 
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65. Take a wi 
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As be heen ahead rather quinge etl the 
; cans the discharge wi ards.its 
Pass through the sai charge will be 
bet pet rage cotton, which will tentp hee 
66. If a jar be di : 
that ha ; lischarged with a dis k 
rod Ae ae clectric handle, the header ue rod 
ther ore the discharge, feels a martial ee the 
. » 4 person, or any ci et ck. In 
be Naan Sip ane side of ¥ ee eae a 
: art of the circuit, wi » Dut that 
discharge. Thus, if tae Bae will feel some effect of the 


pi 5 nect a piece of a chain wi 

grout wet Jar, or place it very near the a ee 
ge the jar through another circuit, as for inane 
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by means of a common di i 
n isch: ; i 
oe seeanien in the dark, dpeikarell ae eed 
© links of the chain, also between th i oe 
=e s hain and th 
jar; which shows that the electri flu id of laine 
affected by the proximit ig Fa Bi ei 
by th y of the jar. If this chain be i 
sulated, it will be found, after the di Fiche 
Ll discharge of the j 
not to be electrified: hence Dr. Pi tv seks 
3 ; ¢ » Priestle h - 
Beribed this effect out of the circuit, ae 
gave the name of lateral eaplosion) thinks that this late- 
ral spark flies from the coating of the jar to the chain 
and ars returns to the former, : 
167. Thus far I have described such experime 
nts as 
show the effects or the power of charged anaes: and 
which may be mostly performed with a single jar. 
That power may be shown in a much more surprising manner 


by the use of a large battery; but the manay 
use of a cement of such a bat~ 
tery being similar to that of a single jar, it is needless to give any 


oosely ty 
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it more core ¢ the shock». 
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ectit 
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enerally 
i rds give 30 unex 
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i s may il- 
h experiments a 
‘ow relate suc’ iment he BYPO 
ier the theory of the pha phial, 
pee: a single electric fluid. 
jar © 
seit eile but within an inch 0 


i tact, r 
knob, not con! anachine. 1 af 
conductors then work an Sete jar is not charg- 
time you will find, te ial, t could not 
Bee ect uid ee of course its inside could not 

vith its electric uid, whe 5 Saat 

wesive any additional quantity of = ae = yoni 

Knob of a wire at such a distance from, G 
Be f the jar, as the knob of the jar 3S from the i 
ing Ol y as 2 ai 
eeadncters then, on working te par Dette 

e ark oe the pr 

that whenever & spark goes rom 

to the wire of the jar, ‘another spark passes — the 
outside coating of the jar to the knob of the wire that 
is presented to ij which shows that according as & 
quantity of electric fluid enters the jar, about an equal 
f the electric fluid w hich belongs to the out- 


quantity ol v g 
side of the jar, leaves that outside. “In this manner the 


jar becomes charged. If in this experiment the same 
fluid which goes from the prime conductor to the knob 
of the jar, came through it, and passed to the 

knob, the jar could not possibly become charged. — 
When the jar is charged, if you present the pointed ex- 
tremities of the discharging rod at & certain distance 
from the outside coating and from the knob of the jar, 
as shown in fig. 73., you will perceive (if the experiment 
be performed in the dark) both points illuminated, vie. 
the upper point with a litle star, and the lower, B, 

a brush of light, provided the jar has been charged eo 
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Sitively in the inside; but i j 
i y inside nie put if the jar be chap, 
ay in the inside, on Presenting its je 
gative conductor) then the star and the bi 
reversed, viz. the brush will issue from the upper, 
the Star will appear on the lower, point. By this wont 
a jar rs silently discharged. nee 
69. Dispose the apparatus as in the ab: ‘ 
ed experiment, (160.) with the card; viz, en 
upon the tablet E of t i 


is Tega. 
a 
pois mile 


Wire, it will break a hole through the card just over the 
extremity of that other wire. Fhe course of the electric 
fluid in this ©xperiment may be seen either by the lumi. 
nous track, if the experiment be performed in the dark, 
or by previously painting the card on both sides with 
yermilion and gum-water; for the passage of the elec- 
tric fluid will leave a permanent dark track upon it. 
170. Take a small coated phial, and by breathing 
upon its external uncoated part, render that part slight. 
ly damp; then holding it by its outside, present its 
knob to the prime conductor, while the machine is in 
action, and you will find that, after the phial has receiv. 
ed a small charge, a beautiful brush of rays will proceed 
from the cork, which, after going a little way into the 
air, bends its course towards the outside coating of the 
phial. If the phial be charged negatively in the inside 
(viz. if its kneb be presented to the insulated rubber), 
then the luminous brush will issue from the outside 
Coating, and will proceed towards the cork or wire of 
the phial. In this experiment the outside of the phial 
must be damped to a certain degree, which experience 
only can teach. A‘ 
171. Remove the circular board E from the uniyer. 
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the water be moved on making the discharge, —_ 
spark happens to be between the inside coating 5 
wire, or between the various parts of the inside ee 
for a spark always rarefies a little and displaces u oy 
173. Take a naked phial, and for a8 coating On 
outside stick a piece of tin-foil with a little wax, ‘so that 
it may just adhere to the glass; and for an inside coating 
use small leaden shot, or quicksilver; lastly, insert a wire 
into the phial. This done, hold the phial, thus coated, 
by its outside, and charge it in the usual manner, Whee 


suddenly, an 
to the wire, 
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CHAPTER VII. 


Of the various Sources of Electricity. 


174. HITHERTO we have taken notice of one 
mode of producing electricity, namely, by means of 
friction; and have stated its properties, together with 
its most rational theory, But electricity is also produced 
by other means, which remain to be described, und 
which indeed are intimately concerned in several grand 
natural processes. ms 

There is hardly an operation of nature which does not 
produce some electricity, or with which electricity does 
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i measure concerned. Probably 
oe one toate of electricity follow one 
‘ © howenen for the sake of perspicuity it will 
neril ies to specify those various sources, besides 
Ls wen to reduce them to the following species. 
friction, ane sty is produced by the melting or by the 
Electricity 1s pro uce y 1 

Feiation after liquefaction, of certain substances. 

is It is produced by merely heating or cooling some 
icular bodies. ; 
oe it is produced by evaporation and by the conden- 

tion of vapour. s 
- It is * be found in the atmosphere at all times, 
more or less. A i 

5. It is yielded by certain animals. 

6. It is produced by the mere contact, or by the na- 
tural action of certain conducting bodies upon each 
other. ; ; 

We shall describe those different sources of electri- 
city in the following chapters; comprehending the first 
three under the title of electricity produced by melting, 
heating, cooling, and evaporation; the 4th under the title 
of atmospherical electricity; the 5th under the name of 
animal electricity; and the last under the appellation of 
Galvanism. 


pot seem 
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175. But previous to this it will be necessary to describe, in the 
present chapter, the principal methods that have been contrived 
for discovering the presence, and for ascertaining the quality, of 
very small quantities of electricity; for sometimes the electricity, 
which is produced by the above-mentioned sources, is so ve 
small as torequire the utmost attention and mechanical contrivance 
on the part of the philosopher. 

The action of electric atmospheres is the Principle which has 
furnished the methods of manifesting the presence of small quan- 
tities of electricity, viz. of such quantities as of themselves could 
not affect an electrometer sensibly. 

Let an electrometer be affixed to an insulated metallic plate. 
Communicate some electricity to this plate, and the electromerer 
will diverge. In this state bring the plate near a conductor not in 
Sulated, and you will find that the clectrometer collapses i pro« 
Portion as you approach the plate to the uninsulated Conduction, 
Remove the electrified plate, and the elecwromerer will again dis 
Verge to its former degree very Nearly; which shows that by the 
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ate, By je ay BE I 
Ihe situation LIBK, a vibe = 

tation of the same- c 
poet board. Om is 3 crooked eee that prot 
tgs ae oe mnt rass plate Ds similar to the others, 
There is likewise & fourth brass Pp) i pages 


ASS: wire, * 
which is supported; not by glassy but uF a bs 5 et ee 
screwed fast to an oblong piece of brass FPS 


=) br 
" rpos rhe bottom board QRS, 3° that y 
anes ee ea oa dares NORE at the end Fy the sliding preee 
i a finger’s 00 “ 
ae drawn out either entirely oF to & certain lengths and of 
course the plate DP will be removed to any required begneros= 
the plate C. When F Pris pushed pa spi the ip 
arallel to C, and at gigth of an inch distance from 1 
Pathe parts of this instrument are SO adjusted, that when the le- 
yer is in the situation of the shaded part of the figure (viz. is push- 
ed us far as it can gO towards Q), the plate B comes parallel to the 
distance from it. At the same 


plate A, and about zyth of an inch dis C 
time the extremity of the wire Om just touches the fixed wire N, 


and of course renders the plate B uninsulated. But as soon 3s the 
lever begins to move towards S, the communication of the plate B 


with the wire N, or with the ground, is interrupted, and B remains 


insulated. When the lever has been moy ed as far as it can Oo te 
wards S, the wire m comes in contact with the plate C, as is shown 
by the dotted part of the figure. Then the two plates B and © 
communicate with each other, but they are otherwise insulated. 
When this instrument is situated in the manner which is indi- 
cated by the shaded part of the figure, the plate A has its capacity 
for electricity increased by the proximity of the uninsulated plate 


ire fixed tight into © 
ceeds from the brass 















by Mr, Nicholson. But in all its states it is apt to COMUBEES Se 
tain permanent electricity, which renders its effect iwooal in 
most cases, See the Philosophical ‘Transactions: ¥ol a: amt © 
also my Treatise on Electricity, 4th editions ‘wok. Hk, p & 
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B: hence A, if it be c; 
acq 


If after this the lever be m “| insulated pla 
é ‘oved back ti oo ated plate D, 
made negative a second tir pie dint 


me as before; and b i 
again towards S, that second charge of negative ee mies 
> e 


>, And thus by repeating the peration, 


lectricity will be accumulated upon © 
u P be drawn o i : 
plate D will, of course, be removed as inch: pact cullen i 
capacity of C will be much diminished. Therefore, if an electro: 
meter be brought into contact with it, the negative electricity, (viz. 
the electricity contrary to that of the original electrified body in 
question), will be manifested; whereas the electricity originally 
communicated to the plate A could Perhaps not have affected an 
electrometer in any sensible degree. 

The principal cause which renders this instrument certain in its 
effects, is, that all the residuum of electricity which can remain 
upon the plate A after the performance of an experiment, and after 
having touched that plate, is too inconsiderable to induce a contrary 
electricity in B; the electricity which is originally communicated 
to A, being not increased upon it in the course of the experiment. 
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d » Especially i i t i 
on further exantination 4 eg Wea i Ces bn 
‘ou 


other preciou nd 
stone: fe u 
ralds tnd ee and especially the Brosil sea 
€ like properties more or less; he eme- 
* hence the 


following particulars, whi 
: 5 Which ha e ‘inci 
i aces the tourmalin, ee mepeieally oo. 
s e pws to most other precious ston. oe 
Pas sn Re Seupmalies while kept in the same tempera. 
ete io signs of electricity; but it will become 
Fain _2Y increasing or diminishing its heat, and 
ger in the latter circumstance than in the ine 





* Resinous or oleagi i 
i aginous electrics, when oni i 
‘ s ice exci aii 
note pee he a very eh ae time, ye 
¢ \- at power gradually diminish E 
nishes; nor do we know of an: i aetna 
i y electric which retains the electri 
virtue a8 permanently as the maynet ins i f even © 
i n “4 tains its m: ti 
When a stick of glass, or of Birphos sclally of seatin 
h or of sulphur, and especially of sealii 
Wax, is broken into two pieces, the Peonteten ONE ope Y 
r extremities which were conti- 
Lp mal Benen be found electrified, one positive, and Hi 
Sher egarive, [his is probably occasioned by the rushing in of 
¢ airy which may produce a slight friction. 





of Blectricity: : afi 
ature 35 . ‘ 
- _ aitrationioO tees faces 
ery duce me pieces pear all over it su 
pent 10 PGE ty, does ON Sof it, whieh saytBeree 
ci ject cppasite sides 0 eS ae right line 
yronly 08 WY hich alway jee direction of 1 
ae eee che stones "e absolutely opake; though 
he cenere © n the ston 
hich directo! ‘ nt. 5 ct 
whic hen ieisse itransp’ page one of its sides 
the © urmalin 15 the other, 


5, Whilst the Tred plusy OF positives 
call a aa Ke when cooling, Ais ae whilst the 
p, minus; but Ne of the stone 18 8 ng) > the same 
Hence, if at both sides will agree 
other ae sigs o one side only change os 
ecto a apest eet ay cook with 
one be heated, aa ed, then A will appeat 


4. If this st 2 hi 
6 F tou! a . 
ides being © time of its heating 


out either of its 3} é 
ositive, and B negative, 4 thi 
means of friction 

its sides, OF 





ye "This stone may be excited by 


like any other electric, and either of 
may be rendered positive. te 
alin be heated or Coo! upon some 

6. If the tourmalin Heese 


ther insulated body, that body will b 
a well as the stone; but It will be found poussins 
the electricity contrary to that of the contiguous side 


the stone. 

7. The electricity of either side, oF of both, may be 
reversed by heating or cooling the tourmalin inwcontact 
with various substances, such as the palm of the hand, 
a piece of metal, &c. : 

8. Those properties of the tourmatin are also obser 
yable in vacuo, but not so strong 8s in the open -_ 

9, Ifa tourmalin be cut into several parts, each picee 

will have its positive and negative poles, p 

to the positive and negative sides of the 
10. If this stone be covered all aver with Some 

tric substance, such as sealing.wax, oil, > 


general show the same properties a 





Wy Avi Of Hilectriciny 
heating ae ahs appears upon th, 
€asily enabled saber se by a little ane (OUrmalj 
Stone is positiy AERC tg disting muon te whilst 
when the stone rea hes and which nega Which aa be 
may be seen in the reba aes excited, pg So fine 3 
bg age side of in on? © 80 from te, Song feat 
. Lastly, i Positi 
electric “+ tedB Doom been found that ys ive to the 
by th Madticnor ae oars is pak Tespect to th 
an ri ws Tay P i ee 
179. The ent at all altered imes is impor 
72 J€ evaporation of ae by ie ag | 


fluids, 
produce: oat s 
s electricity, viz. those hei of Some other 
: ~~ 20dles from which 


y 


heat.* But thou 
he ai igh the effect is j 
wich ale hea? Se ae eo cect 
will require further = ae sp Segee pation a which 
be F He exceptions ier, shar Pr fie shear i 
bv cing put in contact witha red-hot ae rs abe 
page y iron, it will leave the iron elec if saeaisets 
; whereas, if the iron be not rusty, th becroker en 
the water from its surface will le seimeucbeliean 
tively. 2dly, If water be Se ecxcea. ny nema 
impure red-hot glass (such as the craw ye 
mon bottles) the vessel, or the eminins awe ill be 
electrified positively. retell 


This curious production of ici 

‘ uct electricity by eva) it 

Beneesions of electricity by the Gasteuntion fi pee Berke 
asily observed in the following manner: ag 





* Mr. Volta, who made this rema: i i 
lt b emarkable discove! likewi: 
a re the simple combustion of coals, as paid hs Bence, 
of iron filings and diluted sulphuric acid produce the same 
effect; which is, in all probability, owing to the eyaporation which 


‘wttends those processes. 


ing sw 
burn 10 


nO te electricity 
ative © ee ot 
es be jously rom water icky ey that 
ee insulated il be electrifed 
sible 


upon 1) A 
He ecting 4 


tually burnings 


stances upon ac! i 
usta ec. either Show pe gue 
i ine, OF 


i the spirit of wine | 4 t 
Bice  yays ane no electricity 15 produced 


CHAPTER IX. 


Atmospherical Electricity. 


180. The memorable year 1752 produced the re- 
markable discovery of the identity of lightning and elec- 
tricity, which, previous to that year, had only been sus- 


cted by philosophers. 

The similarity of lightning to artificial electricity is 
not to be remarked in a few appearances only, but is 
observable throughout all their numerous effects; and 
there is not a single phenomenon of the one, which 
not be imitated by the other, Lightning destroys ect 
fices, animals, trees, &c.—Lightning goes through the 
best conductors in its way; and if its passage be ob- 
structed by electrics, or less perfect conductors, it rends 
and disperses them in every direction,x—| i 
combustible bodies;—it melts metalsj—® ec of 
lightning often disturbs the virtue of a Cee i 

these 


polarity to ferruginous substances; and 








22: 
‘ Of Electricity, 
may be produced u 
ih ced upon a much 
Ee electricity. But independere peal Meang 
ity between the effects of lightning ond eet ae 
OSE of 


lly proves their identity, js 


Clouds, as well as rai 
we ain, snow, and hail 
> hee ea also fogs, are almost always clectrj P 
T negatively than Positively; ae 
accompanied with the thunder, is th 
tricity, which, darting from a cloud 


clouds highly electrified, strikes into Pate say a 


and by this stroke it produces all 
which are known to be produced 
The air, at some distance from 
= Ere &e, i" generally electrifie 
ively, especially in frosty, clear, or fogey w, q 
how the air, the fogs, and the clouds colic sph 
has not yet been fully and clearly ascertained. We shall 
in this chapter state the Ptincipal facts which have been 
observed with respect to the atmospherical electricity, 
and subjoin the. most plausible explanation, together 


with the advantage which is derived from the knowledge 
of the subject. 


187. I shull however previously describe such instruments as are 
most usefyl for discovering this electricity. 

My electrometer in a phial, which has been already described 
(153.) is the best portable instrument for this pur i 
hold this electrometer by its lower part, and raise it just above the 
Jevel of your head in the open air, when the air is strongly electri- 
fied, or in a fog, or when electrified clouds are over head, and 
sometimes, even when they are a littie way aboye the horizon; the 
divergency of the electrometer will announce the presence of elec 
tricity, and by the approach of an excited stick of sealing-wax, or 
of eny other electric, you may easily determine whether the clec- 
ticity be positive or negative; observing that the clectricity of the 


those dreadful effe 

1 ti 
by lightning. i: 
houses, trees, masts 
d almost always posi- 











GEROO of the Con or 
assis the come by tae rainy Ke. 1 ae 
ecto he electticitY PF ‘ater case the CPS 

etectme atthe eG ahen the C5 for in the jar mer case 
fog: “falling UPON. “electromets ? ut in the Art. 150 and oo 
nal as tht OF ried by the Corer atmosphere 0 be ais 
lc of, : 
a 


i at into the ious instrumen’ ; yf 
ane Snost commodio te te 
f joi shing-TOC> y 
mt js a common jointed le 1s ee 
Lait From the extrem y : oe ana 
ah bare stick Cy which is SNe ball : 
kD = its extremity, tO whit Jectrometers 
es, ded. HGLis a Dee 
d support > ay 
the rod q * KE Packthread, a eh or pol mag 4 
seh wheal pushed into the cor’ * trometer 
whi y 
Wi v tricity of t 
eee wish to observe the eee aaa tes 


in 
this instrument, I thrust the Pio sct it out from. an Ui 


i T proj 
its lower end A, 
ee the end B sy ce rane - 4 cop the ite 
2 or 60°, Wi os : 
pte a for a few seconds; then pales hes Sa os 
engage the pin from the Come Pe IK, and leaves the electro= 
pi to drop in the ne Se care scot smo 
ee sone 

meter possessed of the electric ona thin the ODE 

Thi 1 draw the instru b 

ee ate oat of the electricity, without any obstraction 
either from wind or anthnee eciacia ORM rw 


son wish to obse! r 
Pritt ete use, or have always fixed, a rod or an assem: 


‘\ ‘red with sealing-wax, cemented inte 
ee Se er Sure a ahiber held in the hand occasion- 
ally, ‘or may be permanently fixed within @ room, pre 
about two or three feet out of a window; for which purpose 
the window must be opened occasionally, or the vod 
through a hole sufficiently large. To that end of this red 
within the room, an electrometer must be atta and it . 
quently happen, that when it rains, and the rain upon 
jecting part of the rod, the electrometer at its 

is electrified. 

But an insulated wooden rod, with a wire round 
ing about 15 or 16 feet above the house, will answer 
for a wire proceeding from this rod may be made to 
with an electrometer within the room, where ek Re . 
as the aay of the electricity na be observed, a 

ox, Ih, 2 


or sma 











mM conjunction wi ts, - 
Phere may Beta Si any of them: beh) ee muleiptige® ak 
Rothing move (liscovered by means of a electrigi May be yt 


. When the kite is flyi 

insulated by means ¢ flying, the lower 
length, or by mean of a silk string of Boone ee ns Must 

or by means oa las sock eeu ote 

© lower extra. 


you may also draw ctr 
sparks, or cha: rify an electrom 
ge a Leyden phi eter, but 
Phial, &c, and tha 
+ it 


at every hour of the day or ni 
he ae filha te i dangerous deen phe 
mene A a storm. 
eae Pid sg oa lee there is in the atmosphere 
et i see a of electricity; for wna here, 
peli #0 es ibed fishing-rod electrometer Ke 
ac : ways acquires some electricit “a id 
Which obeed tee ee Mine kind, vig nega 
zi electricity. of the air omen ae 
ms Ee . 












** For tie constructi ‘ 
View of the uction of such a rod, see Mr. J. Read's 5 
rditggentes 2 otek Amer 
he famous Fr, Beccaria ys. 5 «creel i 
mosp| F - d. Fi 
iere between two, houses, 3 x + ay eer in the ate 





tive ina pein 
ays Pore ne zenith. qn thick 
almost a clouds ™ +s ity is ° able int 
arqucnee? 19, strongest jeotricity 18 OPE the weakest 
img, That se cy weathets oT very neat Tae 
and Ii warm, ? 
wr the weather 1 cloucy> |. less at MIE y¢ than 19 
\ 
" put it does see 9S 
pa electricttY 
y time: jevated place e we 
oO That in & ae in a Jower one- ‘Thus Wy A 
pie to diverge more 1 BT 
fc of the 


: 0 
erally stronge! pans 
often observed the electrom 
in the stone gal 

aul’s cathedral. : vs, bat 

4, ees the rain, SnOWs and hail, are are ai ‘= 
i fost alway ified, much more freq! 
almos = agers 
negative than with positive electriclhy : en 
se s with electrical kites 

ee he eh form the following con- 
upwar is of two Y' } ’ 
th ified at all timesi 1S eleciricity 
| The air appears to be electrified at. 4 
Deane Ps ree whether byeay or night, and ou eee i 
fi ‘han in warm weather y experiments 
frosty than 1 eH 


every degree of temperature 
t of clouds generally lessens 3 
9. The presence g sete, FS 


the kite; sometimes it has no effect Upon My 
it. . : . 
3. During rain the electricity of the kite Is generally negative, 


and seldom positive. 
4. The aurora borealis, or northern light, does not appear to al- 
fect the electricity of the kite. 

5. The spark taken from the string of the kite, or from any in- 
sulated conductor which is connected with it, especially when 
does not rain, is very seldom longer than a quarter of an inch; but 
it is remarkably pungent; so that the operator will frequently feet 

ng more like the 


the effect of it even in his legs; it appeati 
charge of an electric jar than like the spark which is taken from 


er pre pepe of an electrical machine. 

6, The electricity which is brought down by the stcing of the 
kite is, upon the whole, stronger or Sahin Sc antieaal sri 
is longer or shorter; but it does not keep any exact ae vw 
it; for instance, the electricity from a string of 100 

ies ihe. index of a quadrant electrometer 20°, ot oe 

ue bat length of string the index will not rise higher 


7, When the weather is damp, and the electricity is prety 


atrong, the index of the electrometer, after taking & Spark 


lery on the outsid 


experiment 


mber of 
I was enabled to 


1S) 











ier, it rises remarkab| 


183. After the disc 


f the identit os 
and the matter of Li aioe, 5 Hi set 
tence of electricity in d Ne simospieee, es xi 


he atmospher eae exis, 


€, Philoso, 


phenomena to the ri 
Thus the as i : Re | 
censions, commonly called ae 
: ‘alli : 
wooting. stars, meteors, waterspouts, ie we 
ae i 2 e- are Been considered by several ra 
ei ‘ctrical phenomena: i se 
Fs paar Pp na; but of this we hay, 


€ no po. 

P © aurora borealis, 

likely to be an electrical 
accounts, viz. first becau 
er Sesirbed at the time of a Strong a 

and secondly, because the aurora borealj 
bia PE webs of artificial electrician Beparly 
ake a glass phial nearly of the shay i 

Florence flask; fix a se take, ora hoes eae 
and exhaust it as much as you can by means of a good 
air-pump. If then this glass be rubbed after the manner 
commonly used for exciting electrics, it will appear lu- 
minous within, being full of a flashing light, which 
plainly resembles the aurora borealis. This phial may 
also be rendered luminous, if, holding it by either end, 
you bring its other end to the prime conductor; in this 
Case all the cavity of the glass will instantly appear full 
of light, which may be seen flashing in it for a conside- 
rable time after it has been removed from the prime 


a 


* The aurora borealis is a phenomenon pretty well known to the 
pacteat generation throughout Europe at least. Itis a Tambent or 
lashing light, which consists of separate coruscations seen at night 
in some periods more often than in others. They dart quickly from 
‘one part of the sky to another; they have different intensities and 
different tints. Sometimes those coruscations, when strong, are ac- 
companied with a sort of crackling noise distinety audible, as I re. 
member to have heard it more than once. 


gency of 


or northern light 
» Seems m, 
Phenomenon; and this on ty 


s€ a magnetic needle a 


: «ble mode Is 
4 aE pie ieee piavsibe ntly to be observ’ 
84. ich 3 


r, an 


consider 
n the sur! th 
pony easily acknowledge ic fuid, ¢ 
When the vapours ity of the Ee which they 
nev he form of water, any 


in t if those vapours, @5 
they had wht -om the earth: hee gen oo 
have pai jn the atmosphere, nd from which they 
they a8 i 

then, 


they have no bodies at hans required 
in i esite he electric fluid, b= a ae > nega- 
cal ased capacity, they must a atl — en ensed, 
evel On the contrary, if those vap' fuid being, dimin- 
tive Jeet capacity for the electric se ty aes 
pa they must appear electrified an a onal 
a cloud highly electrified may easily nt one 
electricity in another contiguous rations of posidive 
causes a variety of particular eeiome er” ce cet 
or negative electricity, or of changes ox etr' ro 
other may be easily conceived, pc ars oy : cient : 
account for the phenomena of berm agers icity. 
5. One of the greatest a s mania: 

ia “derived from the knowledge of this branch of | 
losophy, is a defence for houses, ships, &e. by De. 
fatal effects of the lightning. Tt was v4 
Franklin to erect an iron rod, or a wire of any metal © 
the top ofa house, and to carry the com i ty 
means of good conductors of electmeity, from 

down to the ground; for since the Tighening generally 





230 
Sthikes the S Electricity, 
fares to Geant Conductors, th, 
fe use thus furnishe {t Was natural to ae 
ended from the ned With @ conductor, pros that 
Wise Proposal w, Pernicious effects SEM) ao La) 
has been conkieine Senerally adopted lightning. “=p 
warm climates te by innumerable ae its us watt 
SBiinia: » Which are much more ater especj iv 
The usef St Yo thundes 
the effects Of the he, conductors todefend by; cae 
‘sed; but the ms serie has been unlrommged trom 
cially with respect be on™ Of those: co) pally deknovy 
cause of mine to their termination, (% €pe- 
aving a pointed Tt was objected rie 


from a § 
Care a re iste 
tract it ina stream, vi bye water 


body as a knob would do; Y degrees, and Not in a fall 


: b i 
lightning will be divsinighers Hi the force of 


It should consist of a rod of iron, 


about i i marek 
Bang ae of an inch thick, ‘nana ee 
pei an “ing not by iron clamps, but by wocdet 
Sou uld be uninterrupted from the top of 
brie: viene € ground; or if it consist of vant 
— rs must be had to join the pieces as perfect! 
‘poaeil E If this conductor stood quite detached 


: : eae 
* See wh: F Sepsis 
sophical Ty sists Sent conductors of lightning in the Philo- 





: or the 17’ r 
ing years; a rae year 1777, and ten or twelve follow- 
pe Ate sf j rl Stanhope’s Principles of Electriciy » 
pei and iny ‘Treatise on Electricity, ‘4th edition, metre 


he puilding» + EW! 

fro Fence of OBE ficeS} 
distam ‘on edificess ww 

he comm 2 Beate ready 
be better for gunpowsset roa _— = 
advisable ch buildings 45 pete conductor S 
and all Su The upper ©? shee. whieh, if the Com 
take fire: op more sharp points order to pre’ 

ein one OF be gilt, in orde 


minvor be of fons OUBM. © puis sharp end should be 
the rust OF the oxigen of the building {as 


elevated above the highest part oO $ be fastened) at 


eile hich it ma cond! 
a stack of chimneyss te nes end of the a 


ast five or six feet. c . ae 
sould be driven bts ont eh — = it woul be 
a direction leading from the coup = = ph pte 
better to connect jt with the neares Pp — . 
For an edifice of a moderate ant eae = an 
4 aps sient; but a large ¥ 
uctors is perhaps sufficient; 
a Ie ae or three, or more conductors at its most 
distant parts. : ; . Bas 
On board of ships a chain has often been used c 


count of its pliableness; but 1 several cases the chain 


has been actually broken by the lightning, in comse- 
quence of the obstruction which the electric fluid meets 
with in going through the various links; hence, inst 
of a chain, a copper wire about one third part of an it 
thick, is now more commonly used. One of those wires 
should be elevated two or three feet above the highest 
mast in the vessel; this should be continued down hee] 
the mast as far as the deck, where, by bending, it sh 
be adapted to the surface of such parts as May be more 
convenient; and by continuing it down the side of the 
vessel, it should always be made to communicate With 
the water. “ 
With regard to personal security in time of a thander 
storm, if a person be in a house which is not furnished 


with a conductor, it is advisable not to near any 
metallic articles, viz. near gilt frames, = 
bell-wires, iron casements, and the hke. I 


of a room, upon a dry chair, of table, OF MAKTESses, OF 








Withi st thi e: 
ea ge ‘to distance of ne en can do is git 
them, but hac © must not, ho: BNESt tree Te 
5 e should stop at abi wever, trees 
Pen to strike abun ermchess fi w 
Ske eatike 000 the plac, th ng 
ri 
pbiect; and ifa:tree. Bene to any other ere abili 
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CHAPTER x, 


Of Animal Electricity, 
186. UNDER this tj : 
as Us title we shal eg 
ct ore shall t 
cell in opcnly which is produced from the igat 
not that which vs produc cd Papeitat organization and 
Pian aes ae ced by the application of metallic 


Three fishes h: i 
three f ave hith i 
whilst living, the cain ae ae igh sith 
ateleious seater, Property of giving shocks 
topes de s artificial electricity; namely, the 
pa e ie Asch ner ghevton, and the silurus electri- 
. Is belong to thi if 
Pere l ig ree different orders of 
ish; and the few particulars, which they seem to have 
et hee A ee 
* Nature seems to have gi 
} given those fishes this sii 
of giving the shock for the purpose of sectivlng Se re, 
pic” 'y must subsist; and perhaps likewise for the purpose of 
pe aaa aspee pee eeetich filet otherwise annoy them. 
o ¢ shocks of the torpedo as capabl 
curing various disorders; Baar il baciy 
sane "a us fear yeaa modern philosopher will hardly 


to be @ useful remedy in several as Petar? 250 Foun 


bodies The torpedo, which, beloreventY inches — 
187. fat fishs very se! nen fell grown, 
rays is a flat ae a few po’ nds when of 
weighing not 4 4 
js pretty 
urope- 
peeve and are ee a 
and gills, ferent fy n, and extending — 
c oe 5 ity of the 2 
eadinally from he an exe mt tbe thorax from 
the transverse cartilage whic! ie all UP set's 
the abdomen. In those iba ae vy the upper sur 
thickness of the animal eon pre ckin of the body; 
face, and are covered by the ae eee me 
under which, however, are two © in peteepet 
cia. The length of each organ 1S i cad 
one third part of the whole length of t saat 
organ consists of perpendicular coltituis reas * from 
the under to the upper surface of the body, and vary 
in length according to the various thickness tor 
in various parts. The number of those “columns IS RO 
constant, differing in different torpedoes, and likewise in 
different ages of the animals. In a very large ¢ 
one electric organ was found to consist of 1 182 columns. 
The greatest number of those columns are either irre- 
gular hexagons, or irregular pentagons, but their figure 
is by no means constant. Their diameters are 
equal to one fifth part of an inch. 
The above mentioned electric organs seem te be the 
only parts employed to produce the shocks* the fest of 


eal 


* The manner in which the electric Quid is accumulated 
nerated by those organs, ix by No means understood, DUT whe cone 
of the next chapter may probably throw meh Light WPAN FE 

Vou. IL aG 
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Water, but Bees whilst st wei 
‘om Insulate Ing in 


organs are i ; 
the plus ia Epes tgisattnof 
1€ f nm : electrici 
sh is touched 1 eg og. esdew ai Peete 
thevbandoaha heen th cay nen tha 
prs Foie - plac ed exactly on mere surface, and 
the Sek, though weak, is still Peneivede Ceetrie organs, 
seems to be power of the other surfa but in this case 
Wie orbriichagicnt purface of the anna 
doeaen is given b' % 7 
iia bo snes nw sng 
by the same hai n the animal is touch eniaend iy 
ind, the thumb bei shed on both surfie 
face, we ue pidge finger to Wenge Lippi to-one sur- 
shock is uch stronger th: ieee coe 
b gece by the apitication of both tsi pte 
ee ‘hae the shocks so SLi Maee te 
other, scarcely two seco ‘ Pate 
‘aot hea ad of nds elapse between the 
“f em; 
‘hen, ” strong determinate shock, it 





nlectricity- 
ssp js naturally 


sensatio? 
a torpors that sep! bee 
nave and quick discharge 
ances: 


up- 


ty the Feast interT" 
nor 


a by & chains 


ductor to the others 


n the fishy 


cannot pass throug! 
1 not be conducte 


touch 
from it. 
"The shock of thi 
tion of continuity? 
will it pass through 
the distance i 
k was eve! 
teraction 
pedo; 
erimen 


e torpedo © 

thus it will 

the air from one cone 
200th part OF : 


Jess than the : 
observed to accompany it. 
z rved to be Pro- 





No ele 
duced by the tor 
though several ¢xP 
purpose: 

‘These shocks of the tor 


animal; 
by which even 
observed. It is not 
ways act together, or one of them only, 
action by the will ‘of the animal 

‘Almost all those effects of the torpe tated by means 
ofa large electrical battery weakly charged.” 

188. The gymnotus clectricus has been frequently 
called electrical eel, on account of its bearing Some Te- 
semblance to the common cel. The gymnotus 1s found 
pretty frequently in the great rivers of South Amertoa. 

usual length is about three feet; but some of them 
have been said to be so large as to be able to strike @ 
man dead with their electric shook 
Y a a » feet 
ima sho eet ong aoa 
peees< ity yeurs ago, and a great e 
riments were made with theme: s 


will of the 


on the 
jon of its CES 


pedo seem to 

panic vi epression 

ive it to non 
rgans must al- 


both electric 0 i 
yonally put 1 


his attempts to §) 
muy be oceast 


known whether 


do may be imi 


* See Mr, Walsh's Paper in the Phil, ‘Trane, vol, 6S. 





i ‘S gradi 
inches belo’ oh Nally. The whole eure and then 
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The ne bY pectiliar membranes, 
eer which go to the electri 
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in those which aie bane 
The electric Ge he i att of body. 
bs oa pose ea gymnotus are se fist body. 

5 be taetane plied with 
a ease the vertebrae of. the ane _ 
seat es all the electric propertie: 
ae te th ae 4 superior degree. His shock is 7 es 
pe, ae i ors of electricity; it is Pe iintinicated 

» &e. The strongest shock is reocived 
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where the gymnotus 


either effectually oF appa- 


When small 


js, they are frequentl 

rently killed. : : 
‘The strongest § K the ey 

London, would pass through very 

jn the circuit. They could be conveye 

stretched, 50 8S to bring the link: 


Svhen the interruption Woe 
f tin-foil that was 


ti, W ich we 
rt interruption of continully 


d by a shi 


penkoile ona slip of Ht t 
in passing through that interrupuon, 5! 
inly visible in @ dark room, : 
Pah a | showed a peculiar property, namely that of knowing 
the shock; for if non- 


‘This animal 
when he could, 
conductors oF} 
would not approach 
ted, he would approach th 
diately give the shock.” 

189. The third fish which i 
of giving the shock, is found 
we have a very imperfect accou 

This animal belongs to the order which the naturalists 
call silurus; hence its name is silurus electricus. The 
length of some of those fishes has been found to ex 

20 inches. 


rr 


* See my Treatise on Electricity, 4th edition, vol. TL. p. 909. 

+ Messrs. Adanson and Forskal make a short mention ‘of ity and 
Mr. Brussonet describes it under the Freneh name of fe 
in the Hist, de Acad, Royate des Sciences, for 178% 


Jd not, give 
its were placed in the water, he 


soon us the circuit Was comple- 
{that circuit, and imme- 


and when he cow 
nterrupted circu! 
them; but a5 
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s known to have the power 
in the rivers of Africa; but 
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Ces that are conductyre  municated like the the same motions may be Pre by making a com- 
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nown concerr ; No other vation between the nerves a ee ~ 
ning it munication ». If the 
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Bab 20 13! south, by Tcwteamne: One of the Como ei cea ips rigees-aT He like experiments were also 
i 4 
© The fish is dessin ones Phil Tyan ne and an impen- successfully instituted upon other animals; and as the 
ane : power seemed to be inherent m the animal parts, those 
produces the motion 


a Tong projectin inche 
§ Mouth, an 8s long, 24 inches broa - 
Is and s es broad, bas or the power which 


back of the fish is 4 dari ems of the genus _ i 
bi ian eae ie Be gaits ‘ely pital ral Pine manite in those experiments, Was denominated 
particularly brighe (ee Stee and white BROT aia cnimal electricity. But it being now fully ascertained, 
tinged with yellow.” °?°* large, the iris red, ite white ones that by the mere contact of metallic and other conduct. 
» ev Outen eae ing substances, some electricity is generated, it is evi- 
in the above-menti 


erecta dent that the muscular motions D 
elie vee hands experiments are produced by that electricity; hence we 
j: but she aa eae have confined the name of animal electricity to denote 
ents, the power of the fishes which give the shock, &e. &S 
described in the preceding chapter. And, at least for the 
present, we shall examine the electricity which is pro- 

on duced by the contact, or by the action, of and 

other conducting substances upon each of under the 

title of Galvanism; though in tuth Galyani’s discove- 


Whilst this fish is livin, strong shocks, like electric; hocks, 
th Ss 1s » like electrical shocks, 
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nerve 
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} recently dead, 
nding partsy 
ninto the mu 
er the muscles W 
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extremity; on doing W hich you will find that 
ured limbs move in the same manner as when some 
electricity 1s passed through them. This however isnot 
the most effectual ming the communications 
yet it will genera , and the experiment will 
‘answer whether the d upon condustors 


or upon electrics. 

If the communic 
cle be formed by the 
, such as g' 
ments Wil ¢ place 

When the applic: 
tinued upon the parts, 
a certain time, and on removing the @ 
ever, any contraction is observed. 

The conducting communication between the muscle 
and the nerve may consist of one or more pieces, ANC C 
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r its insertio! 
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taking car 
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s with its other 
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nea 
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with one 
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lly succeed, 
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Jags, sealing- Was, 
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which m. 
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The best . 
., re, . 
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Separate wi f, Hi in the follow. 
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rf Pe: iti 
muscles of the abdomen, and eae Chen yeh slseam ene and 
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scissors under the nerve, 
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ae by ihe nepyer alone. This Hones 
tached to the crural ner a 
aah u ‘ves, and cut if 
yy felon Lg ie lower limbs of the frog een tit bitol a 
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aeT AE 5 ewmaratess and a bit of tinfoil should i ot od 
se can » With this preparation the experiment phi 
‘Deubine eee ways, but the two which follow are the nang 
hanging tis preparation by the extremity of one leg, the other | 
Pea ae tie the armed bundle of nerves and spine iaying 
pas ey eet uation interpose a piece of silver, as a ateorewai 
Lo Tee ca 
Bey al allic coating of the lat i 
He other surfuce, or with its edge; and you will find that Rb ohige 


Pass one blade of 

he spine with the flesh elooe 
will remain attached to the 
leave a small bit only of the 





in full and perfect contact with each ¢ v 
other, which is done b " 
ing them against each other, or by the interposition of Miller aa 






Ses) of the glass that . ol 
‘acer of the S ouch the coating | w owerfally a 


out of the SI airerent metallic sub- 
them, the mow 


may be excl sculatly eels and flounders d upon its 
5 imals, particu arly. Cor. of tin-foil pastes 
living am * vvce of zinc, with & slip Of Ton is formed between 


sed, the spasmodic 
whieh touch the 
muscles. 


placed upon x Pie’ 
Back. This dones ™ 
that zinc and the tin- 
convulsions are excit 
metallic subst 
This experime? 


fhenever the comme 
weil, especially tf silver be U 
ed, not only 40 the neighbourin 
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on doing which the animal will sive evident tokens 0! : fg affect: 
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i er Use. “ 
pee that su be excited by the contact of 
metallic substances: in all at least they re st ~e Q 
but in different degrees, in a grew f animals, from the OF 
to the fly. A 1 a . . 

The human body, whilst undergoing certain chirurgical opert+ 
ulsed by the applica 


tions, or its amputated limbs, have been Cony 
tion of metals. But the living animal body may be rendered sensitte 
of the action of metallic application in & harmless way, and both 


the senses of taste and of sight may be affected by i, but 
rent degrees according to the various constirations of indivictuats, 
Let a man lay a piece of metal upon bis Lomie, and a piece of 


some other metal under the tongue; on forming the communter 
tion between those two metals, either by deinging theie otter eclges: 


in contact, or by the interposition of some other piece sbinetal, Ne 
Will perceive a pectiliar sensations & Kind oh tation econ panied 
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with asortof cool and subacid taste, not exec tty Ik Fer nar, 
different from that which is produced by aexihelat electricity, The 
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ich movements May 
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as eyes, Thi 
. 18 eX at 
Manner, by Xperiment may b 
gums, as rAd a piece of ane in amore 
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‘ putting a piece of siienisce of mone 
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By continuing the contact of the two met © appearance of 
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light i d, it be! of makin, 
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teiiecato ie repeated 
' ee two mai Wane we 
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yeries of th ost extraorcims 7 
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of increasing 
hi ns the s 
hich meal and has ope 
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oad °Y emarkable a Ee, whe 
most promising of wont % fal and ‘aenira- 
and able Jabourers are 
ble discoveries 
194. We shall now 
compendious @ manner as 
cee to the above-related discoveries of Galvant 
and others, a variety of facts, frequently asserted, imper- 
fectly known, and often disbelieved, indicated a peculiar 
action arising from combination of different metallic 
bodies in certain cases. 

It had been long asserted, that when porter (and some 
other liquors also) is drunk out of a pewter pots it has a 
taste different from what it has when drunk out of glass 

retains its 


or earthen-ware. 
It has been observed, that pure mercury 
but its amalgam 


metallic splendour during @ long time; 
pure lead, 
of toad 


proceed to state those facts in as 
the subject will 


the nature ©) 


with any other metal is soon tarnished or oxi 
The Etruscan inscriptions, engraved Upon 

to this day; whereas some medals 

and tin, of no great antiquity, are much — 

Works of metal, whose parts are soldered together by 

the interposition of other metals, soot about the 

places where the different metals are = 


are preserved 
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fect still more, and gm 
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i 2 z 
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er i 
power, ae nevertheless divided into om ricer 
ph in Arig of the first class, otherwise callegiela mad 
perfe neo uctors, are the metallic substances and char- 
y jose of the second class, or the imperfect con- 
ith are water, and other oxidating fluids, as also the 
su nes which contain those fluids, ‘The substances 


another 
r i 

will increase ri i 
on will increase the ns 


ption of the constru d 
effects of those ine 
generally called Galvanie 





* See Fabroni’s Paper on the Acti ; i 
each other, in the 40th number of het a pCa 


of Electricity: sii 
g differ 1° conducting po 
es first : aa 
tan te t combinations capable ay ae 
one (viz. © onvulse the age me 
janice eBe! tS,  aroet pon he oe, 2) 
ee ae on different conductorss for, <4 
: will e any sens! ee See 


just consist © 1 not produ y 
guctors only ese a of the first class» OF this 
Bs i seldom sens! et “i ore 
class as differ he 


ductor of one 


he other class. nent 
When a of the three bodies are of the firs 


Are ‘Gon is said to BE OF 
done is of the second, the career pe 
the first order; otherwise it 1S said to “ 
*“ i i bination, or, as it is 
ive Galvanic combinable” 
i alvanic circle, the two 


Ina single active simple 
. na r 
commonly called, fest Nodch each other in one or more 


ies of one class 

per at the same time that they are omen voge- 
ther at other points by the body of the a es class. 
Thus, when a prepared frog is convulsed byt — 4 
of the same picce of metal in (WO different places; “4 
the fluids of those parts, which must be somew' 

ferent from each other, are the two conductors of the 
second class, and the metal is in the third body, —_ 


conductor of the first class. If two metals be . 
the fluids of the prepared animal, differing but Tittle 


* Volta adduces as an instance of an active Galvanie combination, 
consisting of three conductors of the second ‘class ontyy an EXPE 
apn at ie 


ment of Dr. Valli, in which the three bodies 
The leg of a frog, and particularly the hard Lendinous of 
musculus gastrocnemiuas 20, ‘The ramp, or Uhe ‘of the 
back, or the ischiatic nerves, to which the said parts are 


applied; and 34, The blood of the viscous sapanaceous oF saline 
Auid, applied to the point of eobtaet, 
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ne. Further, 
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jecomie active Ror an active Galvanaolids Thus mold ae a fluid 
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A combinati 
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decomposeable by 


water 
Dee Tee attospherical air, as it 
oxygen air. But zi 
7 ut zine, silver, 
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ral ri 
hot aa nitric acid, form a more powerfu Galvanic circle, 
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Aluid bei) e 
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= Lee sh moe geal class avery teak 
cay te p of the first cl anche 
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ts c a useful arrang 
shad ibe u gement of the best 
Pasar ogeemne order of their powers, and betaiprorie- 





° Thi i has ‘been fo 
5 i rmed princi 
re FO! chemistry at the Royal pi pags Davy, 


tN et 





gatoante 


hare 
th golds oF © 
Zine pa ‘and water © 


<n, with golds oF 
Tin, i 8 ‘al acids; 2S above: weak aci 
and. common Water, Vit 


Silvery will 


Galvanic Circles of 


or lead, wi ion o| saline si 
a solution of an alkaline sulphuret, and diluted ni 
‘ith nitrous 
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f: First order, U= 1 

arte Ne Hire Class, ans one of 
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os oal, oF silver, OF coppers OF es 
vavaining a small yaantity 
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al acids, 85 a ak solution ofany of 


as above. 


d. solutions 
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abs cencal air, oF especially water contain- 
tion of nitrate of 
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silver and 
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=e and a solut 
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mee or the nitric acid; 6 


mercury? 
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oxygenated mu- 
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the Second Ord 
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ductor of the First Clase, 
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Copperor | 4 solution of any hy- 
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Silver, oF Lf natle 
Lead, of sulphuretss 6a - 
‘Tin, or of acting on the capable of acting 
Tron, or first three metals | Upen all the me- 
Zine, only; tals. 


‘The action of a simple Galvanic circle seems to be in some mea~ 
sure dependent upon the quantity of surface of contact between uhe 
acting bodies. A higher temperature within certain Himits, renders 


the activity of the circle greater than & low . d 
"Phe activity of a Galvanic circle is not altered by the interposi- 


tion of such conductors a8 have DO action upon the adjoining con 
ductors of the circle, Thusy if acircle consist of 2incy eh 
water; and if you interpose & piece of iron, oF of silver, oF 
between the zinc and the gold, the activity of the circle will not be 


altered thereby. Hence it appears wank cit 


er temperature. 





that the action of a Galt 


cle may be conveyed through extraneous conductors to a conside- 
be observed, that the Cg js weak- 
if they be 


rable distance; but it must 
ened by the great length of the conductors, especially 


of an imperfect nature. 


nee 
* Van Marum found a solution of sal ammeninty Vie ofthe itt 


riate of ammonia, to act best. 
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ation has a positive Sega that every active Gal 
negativ ht 


SUpposed, that wh 
‘ : en the circle j i 
, place tisha is completed, a olscelitiahe on ole bey 
A restriction will ; ait: 
very simple, but interrupeed na ne 
a negative cy Pted, Galvanic soa Seca A 
sctric fluid circulate hut in every complete Galva ba le 
combinations (cach consisting of cilvar eign iis eo sing 
ited by the | ig Of silver, zinc, sae 
Meipene ‘it sete ie i?) fe disposed, ag Hs fig Meee oh, 
Whe two's! e any Galvanic poy erie ata 
thetwo simple combination or ee ater 
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are d to ; 
ens being each other; the two positive, and the two negative 


luction (which may be mad 


of batteri 


a gata at and n. 
J re said of the arran, i f 
tho pi Area be understood of the condcxie rae alae 
pean CF yes must not counteract each thease ni 
park mber A them counteract each other, then the tsi sae 
y | ee eeehd part of the battery. For instance, if a Batters 
Paieeion ES athe others and if 12 of them are placed ik 
< © others; then those 12 will counteract 
others, and of course the whole battery will have no more power 
than if it consisted of 16 simple combinations properly disposed. 
i 
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range ee tened with Water at ‘of potash d this 
with @ Pt 5 ea with a solusion of sulphur ole will form * bat 
of cloth ty another piece of copper 
ain 7 ical 
ga the second order a to describe the practi 
196. Let us now Pesce of Galvanic combinations, 
. - etic’ 4 - 
construction, and the vd arrangements or batteries ‘ 
«o.circles 18 SO BTCA 


f the compound ar’. 

icity of single Galvanic 

ore needs be said w? 
ucted of various 


especially o} 
“Phe simp! 
that nothing ™ 


construction: 
Voltaic batteries h 


shapes; and they may 
The battery represen! 
or china cup 
taining salt, is and gt se 
her, viz. a plate 0! : 
vinnie in the Auid of each cups bape ry the — =| 
last cups; but each of those plates must have a pov 
tail or prolongation, by which they are SO connected U 
the silver plate of one cuP communicates with the zinc 
plate of the next, and so on; those prolongations being 


soldered at a, a, a, &C- 3 = 

The battery, fig: 87+ consists of pieces of silver, about 
as big as half crowns, pieces of zine, about equal wo 
those of silver, and pieces of card, or cloth, or leather, 
or other bibulous substance, & little smaller in diameter 
than the metallic pieces, and soaked in water of i, 


proper fluid. 


respect to 


ave been construct 
be endlessly diversified. 

ted by fig 86., consists of seve- 
5 full of water, OF of water con- 
lates unconnected wi 


ral glasses, 
a plate of silver, are 





ae eee TS 
If two batteries be connected in an inverted omen, then by @ pro 
© powers may be compared, @ 


per management their respectin 


may be readily deduced from the observations )ust now made, 





of Blectricity: 





ger giver in th preceding 
ie pai Ae a voltaic battery, 
petitions of silvers Zines and flux 
inc. batteries be joined, 25 
ging battery 
a lo: f ine ne patteries 1S greatest when 
‘ completed led with the fuid; and 3 
d again, a E rion as thi metal 15 oxidated, of. 
si he th ihe the med) those of aly eae, : Hence, after @ certain — not 
00d, an Tods Ry Ro winged cloth or eg, gross «a must be changecs put the metalite pieces 
do eae the pieseog > are mn before, os Soak. - te steel by removing he oxidated surface, Ce 
Pieces, ee BGs aa OU Ove glass or Bb mug7, The mode of applying single Galvanic o% es 
WwW Paks -», Slides: PF ikea 1S ae ave already been described; 
When such to prevent th freely y and their principal effects, have aired aa 
Consist of num a batter the falling aN on yet, for the sake of assisting the memory, it ¥ ill be wse- 
cing Meth hea le ful to collect those efiects under the four following 
tal, as iii more pil Pieces, the Bee Powerful, viz, j asda 
So that @ j iB» 88., w aes to join rt is to form Ba I. The action of a single Galvanic circle affects the 
of the ibe the negative two piles re by pieces of ie 4 organs of living animals, OF of animals: recently . 
Bee ole’ arrangemen andi Bmthero ie together, especially when one end of the combination 35 connec 
oblon: Tes may also re Positive extremity with a nerve, and the other end is connected with 2 
mies essel, about ih formed as foll y muscle of the same limb. 
this..v. is made a inches dee; ows: A stron II. That action may be transmitted through good 
vessel of baked wood ie and about as conductors of electricity, but not through electrics, OF 
‘ through less perfect conductors- 
he intermediation 


grooves ar 
€ made o; - n the si 
: Pposit sides of 
Fs € to a other, and IIL. It affects the electrometer by t 
» In each pair of of other instruments. 
Iv. That action increases, OF otherwise modifies, the 
chemical agency of the bodies concerned, upon 








vessel is divi b i 
iv i y wh 
half an etnies oes eae fo Ange the wooden other. 
* |; Phi ONS, OF ce Phe li A A 
pieces into the sides and © cementation of fie about oe the limbs of animals, especially of frogs recently dead, are whe 
Saisie be ap decurat the bottom of th ole eae sectae instruments of Galvanic powers: and 1h te SA 
. y rat ewe 5 st Galvanic cirel " re 
Se copes one cell Fis ite to permit chafillsape of or any other py ae He sis when (hep SUSE 
for thi ce next. T! “he various powers fF eli ent si is 
1 one . The pehre of different simple cirel 
ot ebap. Var “has been described inthe 24 hot oA ne eae wepaston meet 
hose cell % pre Able rd © more of less exhausted. Thus Mins — 
Wik; ware ls are afterwards filled almost heating of St sna « Teyou take a frog, the head ab ohicn bes 
, or any other fluid, to the to; veda tnt Which has been deprived of alt Hie 
id, according to th Pp edie into the spinal marrow ii * by thrusting & 
¢ table of taking out the bowels by ans immerse it without #ki 
8, or any other preparation, {inte (wo glasees 


water; the rump into 
one, and the legs tite 
the otter, as veealy fF 
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bt bo. strongiy ag A Electricity icity 255 
: agi . ity: 
Pent mera Porn 24 Violen aici den water, 30 which 
zine; but ls, such as nie se5 by a ly convey gists 1 the tube part a replace 
less di il by ng 2nd tead w formed opener of those cOmES: Tr pyuriatic 36 5 e diluted 
eyed ent in A © Mean: aon, what an ° ver gh stemove Ore arop o two of Zinc 38 ‘acted UPO™ ie tee bale 
ind co) gard y 1 CAB tter, gi) ti gst that t - ¢ evolve’ ear 
the effect wilt be copper ‘and igi” Bower ene ler a cares yo Has bubbles of & ane oe gas whatever = 
merely. ie minaret, produ; don aed ped and sity seid 18 ze res remains onthe silver BG ae 
of ti one i whi iver ou ic circle O. 
pow which acai Ah io he sal fest Srinivas | yee to hese Se i maequence of eis 
mm the ex rubbed oy, er glass end of |B and G MAY, “js completed he zinc Ds which is 
45 been eaperiment still hetree yt a littl the other end nd diluted 26° vet stronger UP ae, besides, 
vered "ai better with an ie alkal end of zinc: a4 Cig enabled to 46 Be con of gas and 15> 
‘yond all with a dro th an iron You ma this arated acid copious evolution 1 observe the 
sulphurer of pectation P OF thin coating w20e iluvjested by the more © oy for now You WE pod 
of » When yo Oating of pj nd of whi, mani on the jlver WiTes Break the contact 
hen a si Potash adheri uw take a sil Nitrous ge, abled to act upt silver Jso.— Brea Form it 
. in, NE to Iver by S acid; nt from the S¥ eld gas—For 
= is applied Syreoreetat Golranie ye ws having tae evolution Of and the silver wileceat Sie = 
chy some other can dl to. the eneuaae of wee and gas will agall Laer od iy muriatic acid, you May in the 
J 1 i! ri . - 
on ible » and with the othe go BTnstead of silvers 2109 a ai Mgiluted nittic ‘acid; and by com 
i gold, tin» ‘act upon the gold. 


and, for the mi 
; 01 
into a aimereet Bee ebscey strong but it is ch: 
ss ny ac > an a 
aah it becomes alkaline aay ee ae eee ant ae sera 
ore pee the tongue.”* Sharp, in proportion as the By auld 
circle #i lavy observes, that “ if zinc and si Bite 
With distilled water, holding i and silver be mad 
a considerable oxidation of Heeling in solution air, for naa dole 
ceptible evolution of Oa ne Perceived) i aie ee 
ihren of gas; and the water, at i 2 watteut the (pans 
» bec omes possessed of » at its point of contact wi 
cabbage juice, and of Fledineng power of tinging green, Ba 
magnesia.” g turbid, solution of muriate of 
ae ne chemical action of bodies upon each 3 
falvanic arrangement, so ach other is increased 
b y much, that si by 
by enabled to act upon bodies which other sited caet ics. 
action upon. Fig. 89. represents a gl wine they rod aye 
Tio. cobeacars th: a _ glass tube about four inch 
Boe Tat nee into its apertures A and B AaB pellongs 
aetaer in on. re is made to project 
* is a silver. wir i i 
fixed i Va ee cork, projects with the pa oa being 
tube; ¥ other extremity is bent so as to come n nis 
jecting part of the zinc C. feayihe' prog 
CUES a ee YS 


| EE IES, 


be enabled t pon tI 7 
an oxidating influence is 


the acid will 
It has been observed, that whenever 
exerted at one of Cee 
ors, a deoxidating: J : peetace 
pice Thus when irony which oxidates rapialy are 
ing a circle with silver and common watery 1S a Bed wich ee 

and common waters it remains perfectly unaltered, wht st 


js rapidly acted upon.* i - . 
4 ‘Sachi “are the facts which have as yet been discovered with Ls 
spect to the power of single Galvanic circles. ‘They form @ 2s = 
able addition to the science of electricity, and open a vast Re! 


speculation and experimental investigation; yet We are unable to 
form a theory sufficient to account for the original cause, or for the 


action of that very remarkable power. 

198. If the effects of single circles are very remarka- 
ble, the collected power of several single circles, or of 
the Voltaic battery, cannot fail of surprising the least 
reflecting mind. 

‘The Voltaic battery not only convulses the prepared 
limbs of a frog, or produces the appearance of a flash of 
light before the human eye; but it shows all the pheno- 
mena of electricity in a very considerable degree, It 
gives the shock; it affects ‘the electrometer; shows & 
luminous spark, accompanied with an audible report 
it burns metallic, and other combustible bodies; and 
continues in action for a very long time, Vil until the 

a 


Jeting the circle, 


* Journals of the Royal Institution, Ni 4 
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2} 
chemi 3 YW Electrigs 
rth is quite, between the ming 
in a more usted.—_The following pas ” 
ra 


y artic 
Wonderful e: aos ular, yet Concise 


the bay, 


> enumeration yr Con, 


eyden phiai weakly ot Whie 


i { beyond thi chai 
contact. If Sng shock is felt as one ae 'S, OF at 


u 3 
two extremitie Continue the hands init 
ate irritation: and, 

A 


the wrists. Ty 


The dry skin 
: of th 5 
conducting: this ae ee an body is seldom capable of 


Sense i erefore the touchi 
baie: e ee. epietenea with water. le wierd 
_immers: ire that proceeds from one eatieinity of 


the battery, ina ba 
is A 
one of your hands; cae er eneteia you aay Dna 
pall Wate 5 then grasping with your other hand 
reese ened, a large piece of metal, for inataticee 
wins €r spoon, touch the other end of the batter 
i me shock will be felt more distinctly, 3 
baht 7p the shock has been felt when the batter a : 
in ia tye than 20 repetitions. Bo 
ns' of one person, several joi 
n V persons ma 
se Poeges be well moistened with ite pie 
ove ne i € circuit, they will all feel the shock at the 
‘The shock from a battery consisting of 50 or 60 re- 
petitions of the most active combinations of the first 
order may be felt as far as the elbows; and the com. 
bined force of 5 or 6 such batteries will give a shock 
perhaps much stronger than most men would be willing 
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other ani- 
d of their 


Of Electricity: 


«ps of a frog oF 
aD on exhauste 


pat the latter con 


eel ie fluid highly coe Wea 
erhaps an 10 es 

ay through Per stew, but little COO 

y of electrich F2 ne eo very 


will hardly eve 
ties of the circle 0! 


extremity 
There is no per" 
¢ positive a ee . 
% Ira wire proceeding from one extre nity tae 
strong Voltaic battery’ be made to com paren = 
the inside coating, and a wire, which proceet rine. 
other extremity of the Voltaic battery, be made 
municate with the outside coating of a common 
jar or electrical battery; the latter will thereby eo 
weakly, but almost instantaneously, charged, in the sa 
manner as if it had been charged by @ few turns of a 
common electrical machines and with that charge you 


may either give the shock, or affect an electrometer, &e. 
In short, every thing conspires to prove that a V altaic battery 
produces a vast quantity of electric fluid, but which is Line com 
densed; and indeed it would be impossible to SUPPOses 

electric fluid could proceed in a very condensed state from an at 
rangement of bodies, which, whether more or less, are, however, 
all yood conductors of electricity; for if the fluid were much con 
densed at one extremity of the Voltaic battery, and much 
at the other extremity, the compensation would soon be 
through the pile itself, Indeed it is difficult to com! 

this compensation does not take place in all cases. 

The clectric fluid may probable be a necessary in the 
composition of bodies; and perhaps the chemical ae of one bo- 
dy upan another disengages from the latter the elecirte Mule, as it 
disengages the caloric in several cases: but the is, 
the electric Quid, which is extricated from the ofa 

Vou, IL Qk 


ceptible diff 
nd that of th 
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f _ 9 
seer is Seed YL Electricity, 
tery j Ve on, » 
hose oui . negative marae and wh 
he spark ay Pethaps be of Slectrichy? other ¢; 
eect chhbosk one ated by future ai 
ontact with ¢ ugh thin ingas es. of Scover 
4nd consume ommon or eal Oltaic 
fempowder if them with pots ee 
ustib » hydrogen onderfu] them 


att s. T 

mmunk ne oe ae Hea 

ae aeate with here is 
let another in ast plate 


€t a wire co 


them * be bri E 
eee Tt is between re spark will pene sufficiently 
substances, 9 se EXtremities th: see 
order to be ved oy metallic leaf, &¢ that the combus. 

Under the ex rconsumed.+ is to be placed, in 


oltaic bat hausted recei 
© tery a i ceiver of . 
acre St a tay eae the 

© flash of ligh S with increased © open air; 
experiment ight which appe: power, 

er, whe: pears befoi 

DocEy remote Bie the eye itself, or as Syech the 
waeoetekon. 4, it, is put in the ci € other part 
imation, the circuit of a Gal 


ine does not appez 
fon a: peep oyed, than ica ae yen ve 
when ee a yeh ae been already mentionclt i 
Geen fotos sed, the sensation of a flash hs 
pod sways. If ‘boule 
Placed in perfect contact with one etemin of hee 
€ bat- 


tery and almost an: rt of the re into 
> ly pa face be b ‘ought int 


Ee eee 


* These wires are mad 
pr: , le to pass throu 
Onis cage 4 the ap moet Part of eee na é cca a 
Jey yes otek Bere the wires without elie fr iocke 
st a tae feo 200 pairs of metallic plates i pe 
c eS square) melted 23 inches of ey ‘i 


iron wire. A platina wi ‘i 
Into 4 glo tobe ‘ire about +4, inch in diameter, was melted 
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of Blectricty- 
sty, the flash will appea® 
Le oe exter being # the dark, OF 
tv 
exPT 2 tron 
ver pee Be i eth 5 flash appears ver oF he 
¢ 
ane ve which proceeds m me sey oi 
pees held between the tect on eS Oe oe. “a 
pattery “hilst the other wire ¥ Sa bere pa 
tone ¢ lips and the tongue * shee 
er nd a ver pungent taste 18 ie ved wattery 
# : raordinary phenomena ” ae 
ae moe ect he modifications which ot a 


yr upon such as are 


re the che z 
by jt upon the bodies con — 
y de 3 
on, ‘ull of distilled watefs and h 
St er Wiles which 


“fig. 99 exhibits @ glass tube OY 2 
nis ote ona 3 = Le eee and. pussing 
in the tube. is @ similar 
mity of the pbattery> 
distance of about an inch of 
vo fre e wire F- 4 
ae Heaation of things, you will find that bubbles of oS Ok 
ceed in a constant stream from the surface G of the wire 
tive end of the batterys these bubbles of gas 


proceeds from the nega’ 
: of the tube, accumulate by degrees- 


the other wire F deposits a st! 
or cloud, which gradually accumulates 
water, or on the sides of the tube, and is a perfec , 
prass. The wire F is readily discoloured and corroded. If you i> 
terrupt the circuit, the production of gas and of oxide ceases im- 
mediately —Complete the circuit, and the production of gas re- 
appears &e. 

‘This production of gas may be ob: 
consists of not more than six or eight repetitions of silver, Zines 
and water. In short. if the power of the battery be sufficient t@ 
oxidate one of the wires of communication, the other wire will 
ford hydrogen gas; both extremities of the ‘wires being in water.® 


served even where the battery 


* In this experiment it seems that the hydrogen is separated 
from the water, and is converted into a gascous state by the wire 
connected with the negative extremity of the batterys whilst the 
oxygen unites with and oxidates the wire connected with the posi- 
ca con ph the, battery If you connect the positive end of the bat 
te an ower wire of the cube, and the negative with the 
uPP 3 then the hydrogen proceeds from the upper wire, and the 

wer wire is oxidated 

id 
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Hn the above , oF Electricity : 

Ie lescri 

Foporin ork Bs Baie apparatus, a ij 

“ on as the <2 Purpos, ttle hole 

In all batter: 8as is formed if giving MUS be 
Pleted, changecTe OF the first ord exitto the gale in 
Ty wi en in, 





an 
Capable of rodunh else ich den 
Hees take place which « 
Thus in the bi e 


pein water, oxi 
Whilst hydy . 
in Sak a As produced from d 
green. them be ting the sil 


. And i 
silver is eo pey wit 


evolves gas at it 


ete 


h sily 
ved, whilst the angola and 
: ved, t the aa Weak nitric ac 
“ From some. zeit of contact with goes fren al my 
quantities oF hydrogen, mrant® orould pear ate 
Uties of alkali great, in eee sti ae allan he 
least oxiduble metals ene a the tren of cn = 
ipeoued ices of conta 
won lie: re more extend mae) 
jae ns of bod: ae, 
th ton of men ee and he pel 
‘ f the i 
et a pee sericn in the compound sive ped oF en ont 
: 
per and other meine be produced from sulphuric aci 
Spe S precipitated in the m allie rn eee 
etallic form from their 


ates 
dif the yn 
becomes 


If two wires 
of gold i 
th gold or platina be ‘ 
idrche oe Hf gas issues ree Ane ae ae aa Saab les 
‘cted gas is found Dees er is diminished 
Those i violently. to be a misture of hydrogen and 
‘Wo different elasti i A 
each other by the followin 16 Buids may be obtained separate from 
wires, which proceed ig means Let the extremities of th 
Dsrdiktatice pe A from the battery, be immersed in wa a we 
of them a small glug cnch from each other, and place ov en 
DEAE tiestie vit vessel Inverted and full of water. Hon ae 
Ricky cen Lp eee the convertibility of water into hyaieeel 
ivionies rial hs inks that the elastic fluid in these ex cee 
gaye hey “if by e air which is contained in the waterint nee 
Fas, “eae 4 ane of oil upon the water, or a vacuum, access 
Sranieaa Ai ar cut off, the whole production of gas ceases, 2 
AHR ‘A cal ee al water has becn exhausted of it. 
4 FEN gas, in its nascent st s) 
coy RS a 
1 ft acetite of lead in distilled water, and 
mola mie with the battery as abov ied Cant 
f bi as e described, no gas is 
perceiy ue from the wire which proceeds from the nepal 
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icity- 
of Electrv Bees 
cen obtained one Tg order. 


a te eS patteries © the sec _ a 
ould aPPES" "from those taking 


ced aS 
i ith water are plo 
ires with Wave influence PFO- 


order, U A 
econ. 2 joint, in the place 


Zaivanic inv 0 
oe ates electrical charges» 


hat agency W 


cal changes» 
some measures 
eee ey distr bodies: natances bei 

i put to be greats 


distinct from € 3 
similar) to 


and the come (all other cr 
gy | i less 
want he rtation vo surface i” ampound cele Bae 2 OS EES 
in some unknow? Lys uch connected 
fous, The intensity o ATS 
with the extension of 
ates of zinc and COp~ 
f cloths of the same SIZe> moist- 
arks so Vivid as tO burn iron 
hardly sensible, and. the 
f similar plates and 
hocks and chemi- 
produce no light 


ber- nus, though eight series composed of pl 
about 10 inches squares and of 
ed murialic acid, give SP! 
vet the shocks they produce are hi 
indistinct; whilst 24 series 0! 
ches square, which occasion 5! 


cal agencies more than three times as intense, 


ET A aaaure of the intensity of the power in Galvanic aoe. 
producing chemical changes, may be derived from the quantity © 
gas it is capable of evolving 
200. The preceding fact: ; 
pect to the identity of the Galvanic powers “ 
is produced by means of a common electrical machine, or that is 
brought down from the clouds; but, what is still more remarkable, 
it reconciles to the same principle the animal electricity, via. the 
power of the torpedo, gymnotus clectricus, &e. since all the phe 
nomena of the animal electricity agree with those of the Voltaic 


battery.t 


per 4 
ened in diluw 





wire 
chemical changes 
cloths, about (wo 1 


s can hardly leave any 
and the electricity which 





end of the battery; but in a few minutes, beautiful metallic needles 
are perceived on the extremity of this wire; these soon increase, 
and assume the form of a fern, or other vegetabl Jead thus 
separated is in its perfect metallic state, and very Satan 


* Journals of the British Royal Institution, 
+ The most striking circumstance is that the electric onan of 
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ox SP Blerr: 

pebough the Vor ty. 

mon ie bate, 
in sme eee, ns 
tals, g iz. th as " 

ter » &c the f © deco; Tactic in, 
t ty but thi ave eT Seemed tition of a pI 


di : 
lecomposition of w, 


fal electy; 
cing the su resttieal mae StF Which wy 


359 make sgh ay Ee ie 
the pole arte it downs ting POMS and cover it in 
“ The rr et was exposed. 

sparks aah wires ca exceeding my ex; 
Means of a a conductors were made te pa om 3 tat 1 
ugh water, by 


Of an inch would qeee ered & spark. passi 
id decompose water, Sat Be) distance of 
int ex) 


exceed ehbsa 
puma, a igh ae diameter, hath 
in length, afforded dl Le ag . successi P point which I 
1 have since found, th of small bubbles of air. >” of an inch 
water, with a wi , that the same appa (J 
befo 4 wire hy of an inch di Pparatus will decom: 
before described if the spark from ameter, coated in the mater 
He pr far ae Prime conductor passes. to 
, that with a gold point simi 
th EU aaa above-mentioned, sanatatia to, but much small- 
Pe SA tie of electricity, without aly esa in water, 
very small bubbles to rise fi s Would occasion 
ld. ‘0 rise from the extremi 
Dr. Wollaston likewise remarks anoth: j veka i 
between the electricity of the Voltaic pill point of analogy 
electrical machine; viz. that they both eed Pes of a common 
dation, In fact, a common electrical machine will, vane pote 
powerfully, according as the amalgam which is aj soli no 
ber consists of metals that are more or less oxidable yee 


e 
ket lens, I ¢ cite Parr, 





any of the above-mentioned fishes seems to be constructed ex: 
like a Voltaic battery; for it consists of little lamine or facies 
arranged in columns, and separated by moisture, It seems, in short, 
to be a Voltaic battery, consisting of conductors of the second order 
only; but ui diy of different conducting powers. 

+ See his yaluable Peper in the Phil, Trans: for 1801, Article 
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Of Magnetis™ 


sECTION Iv. 


oF MAGNETISM: 
CHAPTER L 
Of the Magnet in general. Ss 
k gray, or dar 
body, of dark g' a4 


gol. A HARD mineral 


Jometimes alm 
brown, and s' Deeg laa dstone. 


called a natural mag’ es 
which is an iron ore, has, from 1) ee PRES S., sie 
2 he attention of mankind, : ORE 
ast ae ‘eful properties, of which it 
very remarkable, and very useful prop’ . eae 
js found naturally possessed, and which are 

i i ties. 
nominated magnetic properties.” ; 
1 202. ‘The magnetic properties may also be om 
nicated to other ferruginous bodies by proper me S5 
so that those bodies will afterwards act exactly like na- 
tural magnets; hence the latter are called artificial mag~ 
do not seem to have 


nets. But the magnetic properties ‘ 
any decided agency upon any other substance, besides 


iron; therefore the magnets, whether natural or artificial, 
and the bodies, upon which they act, are either iron in 
its pure state, or such compound bodies as contain iron. 
‘At least the exceptions are rather equivocal, 


black colour, 3 
oS This mineral, 


memorial, justly 





* The word magnet is, by some ancient writers; derived from 
the name of a shepherd, by whom they suppose the magnet fo have 
been first discovered on Mount Ida. It was in ancient times more 
commonly called siderires, from its property of att iron, 
which metal is called eiages, in Greek; or faye Aerwetews, DP Py 
thagoras, Aristotle, Euripides, and others, from Heraclea, a city of 
Magnesia, in ancient Lydia, where it was st) rposed to have been 
first found, It has also in later times been called fayhe NATEN from 
its lg et 

+ The few and trifling i 
dine ne tenuts ing exceptions to this general law will be we- 
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203. A m, 
a 
Possessed of ae Phether Patural or arti 
inseparable a : Characteristic is ah 
ropertie’ 
es, 


t 5 re; 
Se Properties at the of Unless it he 80 that 


Magnet ever pr, et Ossesse, ai 
‘od, Te time; ne} d 
those Properties: uced Which had arene Was thee 


. > OF toward: 
T hes Parts on the 
: . called its poles; 
E denominated jt bine 
its south pole. This Property et Pole, and the later 
directive power, or the m “1s called the magnet's 
magnetic body places aiselfin Gee ee ene 
to traverse. A pl i ar calbns sls) pal 
f . plane perpendicular to the hori 

passing through the poles of a m: meee” 
in their natural direction, is ae eee 

: on, is called the magnet, 
a and the angle which the magnetic meridian pial 
with the meridian of the place where the magnet stands 
is called the declination of the magnet, or more cone 
monly of the magnetic needle at thut place; because the 
artificial magnets, mostly used for observing this pro- 
perty, are generally made of a slender shape; and some- 
times real sewing needles, rendered magnetic, are used 
for this purpose. 

3. When two magnets are placed so that the north 





+ In the first volume of the Philosophical Magazine, page 426, 
it is said that the serpentine of Humboldt has abe ReMertegoe 
Properties only; but the account is imperfect, and, in all prohabi- 
lity, incorrect, . - 
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CHAPTER UL. 


Of Magnetic Attraction, and Repuilsion. 


204. A PIECE of iron or steel, or other ferruginous 
se, sufficiently small, being brought within a 
in distance of one of the poles of a magnet, (be it 
artificial or natural) is attracted by it, so as to adhere to 
the magnet, and not suffer to be separated without an 
evident effort.— That this attraction is mutual via the 
iron attrants the magnet as much as the Magnet attorets 
the iron, has been shown in vol. lL. p. 17. 

The force or degree of magnetic attraction varies 
according to different cireumstances; vie. @ Magnet at 

Von. I 2k 
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the above-mentioned neon law; but the following facts 
i move the difficulty: 
are meee: of irons or of any other substance that 
contains iron, is brought within a certain distance of a 
magnet, it becomes itself a magnet, having the poles, 
the attractive and repulsive properties, &c. hike ai 
magnet. The part of it which is nearest to the magnet, 
acquires a contrary polarity, and the opposite part, the 
same polarity. 

‘The magnetism which is acquired by being placed 
within the influence of a magnet, in soft iron, lasts only 
whilst the iron continues in that situation, and when re- 
moved from the vice oe the magnet, its magnetism 
vanishes immediately. But the case is quite different 
with hard iron, and especially with hard steel; for the 
harder the iron or the steel is, the more permanent is 
the magnetism which it acquires from the influence of 





of abalance, by placing the iron at different distances below 
magnet, and by counteepoising the attoacti A ‘ ad 
opposite scale of the balance. J Bree Ba Dine. moni 
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em the piece of iron OF weight may be casily © 
ee os o pieces of iron are generally fastened awl 
the stone by means of a brass or silver box. The mag! 
jn this case is said to be armed, and the two pieces of iron 
are called the armature. - 
Fig. 91. represents a0 armed magnet, where AB is 
the loadstone, CD, CD, are the armature, Of the two 
pieces of soft iron, to the projections of which DD the 
iron weight F is to be applicd. The dots ECDCD re- 
present the brass box with a ring at EB, by which the 
armed magnet may be suspended. 

Artificial magnets, when straight, are sometimes 
armed in the same manners but they are frequently 
made in the shape of a horse-shoe, having their poles at 
the truncated extremities, in which shape they want no 
armature. - 

209. It has been said above, U 
or such bodies as contain tron, oc pag ti poate | 


face, in W! 5 them both at 











Bre not only attracted, but frequently acquire a Permanent 
The opal is weakly attracted, Amber and other combustible mie 
vals are attracted, especially after combustion. Most animal and 
vegetable substances after combustion are attracted. Even 


About fifteen years ago, I discovered Several remarkable facts 
relative to magnetic attraction; the Principal of which are as 
follows: 

If most specimens of brass, which show no attraction towards the 
magnet, be hammered (viz. be hardened by being beat with a ham. 
mer or with a stone or otherwise), they will in that hardened state 
be attracted. The same piece of brass will no longer be attracted 
after being softened in the fire; a second hammering will again 
render it attractible, and so on repeatedly. 

Most of the native grains of platina have the same Property, viz, 
hammering renders them attractible by the magnet; and heat de- 
prives them, as well as brass, of that Property. 

The attraction between iron and the Magnet, is increased by the 
action of the nitric, and particularly of the sulphuric acid upon the 
iron, during the effervescence. For this Purpose the iron was 
Placed in a proper vessel near one end ofa magnetic needle, (viz, 
i uspended) which was a little deflected 
the proximity of the iron; but when 
ured upon the iron, and the efferves- 
little towards the 
y the action of the 


from its natural up ea 
i ‘ic acid was 

ee the magnetic needle moved a 

iron, showing that the attraction was increased b 
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CHAPTER III. 


Of the Magnet’s directive Property, or Polarity. 


210. NO magnet is without a south and a north pole; 
put it frequently happens that the same magnet has 
more than two poles; viz. two or more north poles, and 
as many, or at least as many, and one more or less, 
south poles, on different parts of its surface; and this 
principally arises from the irregular shape of the magnet. 

‘Those various poles are ascertained by presenting the 
various parts of the surface of the magnet in question 
to a given pole (for instance, the north) of a slender 
magnet lightly suspended, and observing which parts 
attract it and which repel it; for the latter must be north 
poles, and the former, south poles. 

It sometimes happens, though not frequently, that 
two poles of the same name, and equally powerful, are 
at the opposite extremities of a magnet, and a pole of 
the other name lies in the middle, in which case the 
magnet has no tendency to place itself in the magnetic 
meridian. But good magnets, of a uniform texture and 
shape, have two poles only, which lic at opposite parts 
of their surfaces; so that a line drawn from one to the 
other, passes through the centre of the magnet.* That 





* Here it must not be understood, that the rity of a magnet 
resides only in two points of its surface; for, Hh peers in the halt, 


era great part of the magnet, that is possessed of one polarity, 
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* This declination is said to be cast OF mest, seconmng ry ee 
north pole of the atte phir is castward of westward © the 

7 al meridian of a place. 
a eruiaeracintton of the declination was discovered by Colum- 
bus) in his first voyage to America in the year 1492. 

¢ The best charts of magnetic declination, are a chart by Dn 
Halley, which was formed upon the observations made in the be 
ginning of the last century, and a chart formed by Messieors 
Mountaine and Dodson, which contains the observations made in 
the year 1756, In those charts the observations are marked by 
means of dots, and a line is drawn through all the dows, whieh 
indicate the same declination; but it is cominued further tp 
conjecture or guess; thus various lines are drawn fedieeting 
the various declinations, The line of places, whereupon the 
magnetic needle points due north and south, is called the lee 
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From this table it appears, that the annual variation is by no 
means regular, and such is likewise the case with the daily or 
hourly variation; which, though evidently influenced by heat and 
cold, does not however follow any known law. 

‘The first of the following tables contains a specimen of how 
yariution, as observed by the late ingenious Mr. Canton, F. R. 
The second shows the mean variation for each month in the yea 
as deduced from the same Mr. Canton’s numerots observation: 
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Simous bod Y Mentioned (¢ thern parts the ea sp ieegeert on 
Magnet, it by ly comes with; (205), that the Towest part of the iron bar, by being neares " 
Retina, is: ac 1D a Certain dist a ron viz, the north polaritys the 
MAM is ee Magnet; distance must acquire the contrary, V h oo 
ume .mor Ore easily communicate also that this other extremity of the bar becoming of course & sou! 
it appea “pally lost by soft nore but at the say pole. Tt follows likewise (and it is confirmed by actual 
ELS, te aay the best method of than by stech Hew experiments); Ist, that in'the southern parts of the earth 
fo pieces ae £8 apply: INg-one i making artificial the lowest part of the iron bar acquires the south pola- 
Of the hurd more powerful maj 5 rity; 2dly, that on the equator the iron bar must be kept 


horizontal, in order that it may acquire magnetism from 
the earth; and Sdly, that in these parts of the earth the 
most advantageous situation of the bar is not the perpen- 
dicular, but a little inclined to the horizon. Tn short, 
every part of the world the iron bar must be placed in 








* Strictly speaking, this method does Wot exists for there is. no 
magnetism communicated but by the action of another thagney 
and in the above-mentioned method the magnetic power is orkgi> 
nally communicated from the earth, which is 4 real magnet 
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line: which end is to become the sth pole. Have ready also an 
jron poker and tongs that have been long In use- . 
5 Pikce the poker neatly upright, or rather in the magnetical beg 
with its point downwards; and let one of the soft ‘steel bars be ued, 
by means of a thread, to the middle of it, and with the marked end 
downwards; then with the lower end of the tongs held also in om 
upright position, or in the magnetical line, stroke the stecl bar 
from the marked end upwards, about 10 times, on both sides, 
which will give it power enough to keep suspended a small key. 
‘Thus communicate the magnetism to four of the small bars. 

‘This done, lay the two other small bars on a table parallel toeach 
other, about a quarter of an inch asunder, and between their ihos 
conductors AB, CD, fig. 93. taking cave to place the marked end 
of one of the bars on one side, and the marked end of the other 
baron the opposite side. Now place the four bars, altesdy 3 
ae in the form shown in fiyg, 94 via. (Wo With Ubeit north 
ae ene ara oe ape other two with their south poles dow 
ate the welts Sia: lic h pair must be placed breadth to breedeh, 
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With some sort of steel, a few strokes are i it 
re suffi 
to them all the power they are capable of retaining CLLR 
require a longer operation; and sometimes it is impossible to give 
them more than Just a sensible degree of magnetism. ‘ 
In order to expedite the operation, the bars ought to be fixed in 
Hiccaiiee peires phase pins otherwise the attraction and 
en the bars wi i i 
fucaeberece co jection continually deranging them, when 
A set of such bars are exceedingly useful for magnetizing other 
bars, or needles of compasses, &c.; their power may also be ine 
creased when lost or impaired by mismanagement, &c. A set of 
such bars, viz. six bars and the two iron conductors, may be pre- 
served in a box; taking care to place the north pole of one conti« 
guous to the south pole of the next, and that contiguous to the 
north pole of the third, &c. 
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is c 

I ens aielese at a whieh js required t© 

ns joked steel) 

mity of the cro 

pole, &c- 
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CHAPTER VI. 


Theory Magnetism. 


219. IN the present chapter we shall yeaa 4 
‘ice: ist, Of the principal phenomena o —_ 
ae tism; and 2dly, Of the supposed magne az 
ef hat the net is so clearly in- 


Y t mag’ 
hat the earth acts as a grea’ ‘ ¢ 
Fri by_a variety of facts and considerations, that at 


‘ i first 
itis hardly. possible to doubt of it. Tn the 
rhe dusctive dane of the magnetic — pad 
the surface of the earth is so analogous to thatof a 
needle upon the surface of a common magnet oF ter. 
rella, as to strike every observer. 2dly: he magnetism 
which iron acquires by its position, 38 another striking 
indication of the carth’s magnetism, Sdly, The vast 
masses of iron, in various states, which are to be found 
almost every where in the bowels of the earth, and whieh 
are frequently magnetic, prove beyond a doubt that the 
earth is a vast but irregular magnet, and that its mage 











~ from 
es y the my 
Poles of ie ei € Contained 1CUSM of al] th 
co! must 2 Sot i 
Hected powers of all iis Considered i ent 


Stances, | 

Te fe sli cme n 
igs oft Ollows likewise ie Ser ging at 
Sea n are affected by he : oe ee hose 
a “ bid pais With other ae ae 

ah ee quakes, or mechanical 
¢ f netic pole. eg 
itll and thig is th en 
agnetic needle,* 2 
© above. 
for the daily, 
38 Not and per! 
termine what 


Mentioned 
or hourly, 
haps it will 


ole. tis 
me philo. 
able magnet is contai ie 

» OF to admit other hypotheses. tll 


sophers, 
in the earth 
probable. 
220. Human in: anit 
hypotheses in en qs 
of magnetism; bu 


ec; according to so) 


uity has contri 

‘anation of the ronda eae 
renders it useless és “ss "bea oO i the 

HA tte to state them in-this work excepti 
" one which was pri ed singel 
which is similar to the F, randki spre i —_ 
There are undoubtedly inci a ieee 
Jogy between magnetism ¢ nv icin ana 
analogy between the two violeg triton ee 
electricities; the attraction which takes hee oe oN 
Magnetic poles of different ditichninationd analo, ‘ ian 
the attraction between bodies differently electrified, 8. 
Now Aepinus is led to imagine, that there exists avid 
productive of all the magnetic phenomena, and conse- 
‘a 2 - pepe ek sed mognetic fluid; that this fluid is 
penetrate the pores of all bodies; 








* See the late Dr. Lorimer’s attempt to explain the cause 
io, ; 9 ratise of the 
Srprinige oe the Magnetic Needle in my Treatise on Magnetism, 






ores of the Latter 4 all ferruginous 
‘hypothesis, “se and al uid, which 


substances, 
js equably 
those bodie n 
no attraction or repulsion, 
the particle: 


attraction b 


ies are said to bem 
said fluid, in which case those bodies are S@ 


i fe: inous body, the 
al ste when in a ferragmous ty 
pacer on a fluid belonging to It 1S driven to 
vantity of mag! ‘ mi * 4 
ee an then the body pares pees 

i i charged wi 
mit of it being now overc yal s' ™” 
oad the other extremity undercharged. ies th 


constituted, viz. rendered magnetic, exert & — 
between their overcharged extremities, 1 virtue of 
repulsion between the particles of that excess of mag- 
netic fluid, which is more than sufficient to balance, or 
to saturate, the attraction of their matter. There is an 
attraction exerted between the overcharged extremity of 
one magnetic body, and the undercharged extremity of 
the other, on account of the attraction between the 
netic fluid and the matter of the body; but, te explain 
the repulsion which takes place between thelr under. 
charged extremities, we must either imagine that the 
particles of ferruginous bodies when deprived of the 
magnetic fluid, must be repulsive of each other, or thet 
the undercharged extremities appear to repel cach other, 
only because either of them attracts the opposite over. 
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charged extren:, 2 Maenetiom. 
bar, emity; 
Aone with difteanat which SUppositi 
Trugin Se ition, 
ae magneto ¢?? “ccording to this h om 
agneti OY havi IS 
SO as Pe oe fluid disturbed he equab 
ehic] an overplus Fats Toughout it, 
ency of it in of it in one S 5 


In a simila 
r Manner you : i 
two magnets upon each os "hb explain the action of 


The magnet has not bee: ; 
the Biwad eh ne an ont) to have any action whatever 
feiiheo pes a ourse the idle stories of j nadie 
Pe, yer ips ced with the toothach, or with whi ae pale 
rec al Nl ea enn nie im 

: 5 e than i i 7 
oe not the least foundation eset oes be 
ee Papasan which has for several eat ‘bsenanee 

Lund Bye panes is case We aa ae is another absurieee 

% rm . } Ah i i i 
Sea ir a 797, it is said, that a Coa pete pes Pag ni 
bs ee abel led from the wall of his study, with H nd i f 
—— » remarked, for several years, that the fli See 

om, igh they frequently placed themsel ane 
articles, never settled upon the artificial magnet. = ack aida 
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of Magnetis™ 


CHAPTER vil. 


tion 
whe Construc’ also ubjec iy 
5 a the $' 
ie Ins tid for e Illustration & ie rede 3 
wee tical instruments may its or mag- 
Me a he magh of 


sary. 
necessary passes 


explained; adly, 
pacar and for ot 


the com 3 
urposes, 
nena in boxes, ane 


i imbl suspended | Leino 
pa Fe a purposes for which they are parth 


iffer In size, @ 

employed, have several appen pons — derive 
in accuracy of divisions, &e. W E naa ta 
different names of pocket compasses; \ oa ‘ 
passes, vanation compan ee azimul passes: 
and 3dly, the dipping needie.* 
pe The mene needles, which are commonly 
used at sea, are between four and six inches long; but 
those which are used for observing the daily variation, 
are made a little longer, and their extremities port the 

ariation upon an arc or circle properly divided and af- 
fixed to the box. 

The best shape of a magnetic needle is 

in fig. 96 and 97; the first of which shows the r 

side, and the second shows a lateral view of the ’ 

which is of steel, having a pretty large hole in the mid. 





* A curious contrivance, which is at i Varia 
- , once a dij 
tion needle, was some years ago made by the pete ee pobwnn 
See a description of it in the Phil, Trans. vol. 6: oF ti my Treative 


on Magnetism, 
t See the description of ‘i 
r my new i 
tise on Magnetism, ee ave 


, | 
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dle, ¢ AS Magner; i 
‘0 Whi iSNetism, netism 
yaw ct Conical piéce of of Mag jpumbs; f° denote = 
alle) ; Piece O, Fn c® OF agate j in 
ee ie fistened, nS ae which tid a adapte gece are annexed to ee middleme Pepose rays 
Centre OF the peo Of a nthe apex of this (oP NEA North, Ease ted with @ 807: : 
lance’, ge PO 20d’ upoh wancy whieh ie follow Notts, generally. Patt joned divielOt an the bow’ 
those nex ihe Very nimbly ese the need Xd in care sqate in the “gs 15 nothing e adap’ 
stee] itselt les have'a conic, ir, or com e > Proper he azimuth © pass is non gwo SIBDIS A eg find iS 
the middle of ‘he a piece of brig oration ma “5 mention? mae ree js to be seen, ! jet we jination 
. ie which j. 3 i 
- 229. : msithet oct hich js fastened through He from then te see £ — 
oar : npas pe eee 
which Boh ce as represented Ee S general] ‘seq ote —, rca in which t differs of which, 
ofa € card o Y fig. oy, f fig. 100 sohts 5 MN ular 
per. Te faith and ete aes the eels hae usual comp a a aton aperture onthe = in the 
y a i 1 
pended within od, or brass, op i G, there 38 re stretched through its ser Bare shit. The 
narrow perpenel the box 






ed by cross 
axes @. J 
plan, fig 99, +2, @, a, tot wnbatils, so i 
i Dik Md e ty d or wir 5 5, im 
retain a ‘ie ay the inner one, 6 vo boxes,” (see Sean opposite. The mins. AB of se bi 1 E of whic’ 
whilst the Baler c, Position in all ag box, shall with its Rivots onthe semicircle GMs the forLM. is kept 
the ship The or square box j ovlons of the shi ns in a socket, SO that whilst: the DOX Sc der to 
ates le Compass box tec fixed with res tur may be turned round, 12 le 
glass, in order thar peeo 8 covered with a enw steady, the compass MAY 0” ion of the sun-* 
disturbed b at the motion of the ca yee. 3 Pane of Tace the sights F, Gy in the direction of the SUD 
. y the wind. What ; the card may he inside of the box, two lines drawn 
circular piece of : What ig*called’ the: estos ‘There are, on the i ) just from 
a for € card, i i the sides of the box, J 
needle, and moyes oe sy 1s fastened poh te perpendiculsy ene thread HI touches the edge of the 
tim of brass, which is Pictentd tae there isa slender bait These lines serve to show how many “ 
pia and serves tokeep the ees extremities of the the north or south pole of the needle is. distant from 
edge of this card is divided into d stretched. ‘The outer the azimuth of the sun; for which purpose, the middle 
7 of the apertures of the sights F, G, the thread HI, and 


grees, and within the circle of those dNuisteeen = 
1 TS apa 


divided i 
ided into 32 equal parts, or ares, which are called 


the points of the co 
of ompass, or rhumbs, e ich i 
often subdivided into quarters, The ita ‘iene 
? 


the said lines, must be exactly in the same vertical 
plane. The use of the thread HI, which is often omitted 
in instruments of this sort, is likewise to show the de- 
grees between the raagnetic meridian and the azimuth, 
when the eye of the observer stands perpendicularly 
over it. On the side of the box of this sort of com- 
passes, there generally is a nut oF stop, which, when 





* It must be observed, 
wf s , that the nee ich i: 
uae passe will Jose its ialarieay Be aa tala oe 
Bri poser pping, a8 shown in the third ab lap ca 
er atin Soames. of brass is placed on fa dieeof thal 
97.5 by the shifting of r near 
Or irs sletdde the centre, the needle ate Sa tieedebaones 
i etic needles ai ing 
needles magnetized, and laid to swim ton ae Loerie 


t 
, 
i 
1 











* The pivots of the gimbalds of this, as well oem 
*h of SATAN bond Ne tn the aaine plone ent ie = ot 
suspension of the needle, in order 
irregularity of the Vibrations, i” AS reek 

ox, I, 20 


r) 
° 


_ 





d PS it i 
224. The din: ay be more con See wig 


dle of the 1. x 
is the needle, the axi ~ Simplest construct 
dle of two lat al Radial 


has three screws, 
petite centre of motion of the n 
of 90° on the lower part of the divi i 
1 I divided circle, may | 
exactly in the same line; perpendicular to the baa 
225. The few experiments which foll inci intend 
edi to illustrate the theory. As for entertaigingy Bra if. 


a ed to it, and the. 
by which the instrument is He 
eedle, and the division 





* What the azimuth of a celestial object is, ai i 1 
ascertained, will be shown in a Sareea part ie ae yr 
+ The greatest imperfections of this instrument are the ba 
lancing of the needle, and the difficulty of ascertaining whether the 
needle retains its equipoise. In making the observation of the dip 
at.any particular place, the best method to avoid the or arising 
from the want of balance, is, first to observe the the needle, 
then to reverse its magnetism, by the application netic bars, 
so that the end of the needle, which before was elevated above the 
hor zon, may now be below it; and lastly, to observe its dip again; 
for » mean of the two observations will be pretty near the tath, 
though the needle ey not be perfectly balanced. 


: 









tis . hich 
of Magn subject 
the e 
easily derived from y is attrac! x as 
jained be! ity OF 
penn ny eady OPO ering whether larity OF rmed sae 
nas Pete mel whether it has 902°, any et to aes 
¢ magnet OFF yhich its orth Pe ching & Tayi UPOP Me case 
ae tly “for by @PP' sw emity of 
is MS ire cessary> ther © ined. 
2 foesion CAME yoy im ques cox aay DE rte thread 
hy prese Ke needle, the desire ch ie 7 them 
pended mn jeces of soft iron wr them into & 1o0P? gnetic Dat? 
9, Tie two i ar top; and forming Tt end of @ mi cach others 
join the tanig freely. Then Dring TT mediately TEPC asthe 
so as i 


Sit, accOFaine 
rtain limi is phe- 

nder thegeney will increase 10877 "phe tease - oft 
and this dive ght nearer, and 76° er eth magnet ire the 
magnet that by the action © aes 
nomenon he lower e* hey rePe’ 

tic bar, both the (ov consequently they ity, in conse 
Se viz. the south pola! res acquire the north poke 


a her. its 
nu repel each ot , és " 
dof the wath Poe as pene = rete but now the 
If instead ©} et ke place a! - 
south pole re ein? shal cement the north, and the UpPe’ 
Jower extremities 0 vanity ‘ q 
extremities, the south, poe wires, if of soft iron, will soon col: 

‘On removing the magnet t eae powers put if steel wires, OF 
iapée, baving err She pee they will continue to repel ca 

sewing need . 8 werk. 

oe Ree ate of the magnet; the magnetic Po’ being 
retained by steel. iron filit 

3. Lay a sheet of paper flat upon sable Bae aes 
upon the paper, place a small, magnet pees aa ag Anes 
few gentle knocks to the table, so as to shake t “i 3 ee 
ticles of iron clinging to one another immediate! iy form mselves 
into lines, which at the very poles are in the same direction | 
the axis of the magnet, and a little sideway of the poles begin to 
bend, and then form complete arcs, reaching from some point in 
the northern half of the magnet, to some other poet in the 
southern half, The reason of this phenomenon is NOL, as SOME Per 
sons imagine, that a current of fluid issues from one pole and enters 
at the other pole of the magnet; for if that were the case, the iron, 
filings would be all driven upon one of the poles. But the true rea 
son is, that each of the particles of iron is become actually magne. 
tic, and possessed of the two poles, in consequence of which eech 
particle,at the place where it happens to stand, disposes itself iy 


the same manner as any other magnet would do; and moreover at. 
tracts with its extremities the contrar 


poles of othe icles. 
4. Take a strong magnet, yout by Wea eae Et . 


‘ and find out by trial such a piece 

iron as is very little heavier than what the mtgtet wil Ene ® 

is plain, that if you affix this iron to one Pole of the magnet, the 
» 
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YP Maynetis 
oment You vem, 
fo. the i i 
iron rs saree o ran ft ZOU presene anothe? | bye 
YOu Will the; OE. Mery and at abou 


lec 
eusure Magnetic, helps oj mel) 


a m Teas, 
Magnetism of the first piece of iron, and ci 
y nsequently tends ‘oe 


crease the attraction, 
5. Place g magnetic bar AB, fi 
: 70g. 102., so that one of ji 
may project a Short way be nd the table, , ae 
> to it; then take an eee 3c ee ie! on we 


t Other magnetic bar, DE, lik igh, 
bring Mt parallel to and Just over the other, at alede eee and 
with the contrary poles 


‘Owards each other; i, a 
which the attraction of B will be diminishea, and the rota 
iclently heavy, will drop off, the magnet AB being then on} Ro 
to support a smaller Piece of iron, By bringing the Magnets ij 
nearer to each other, the attraction of B will be diminishey 

rther; and, when the two magnets come quite in Contact, (pr, 
vided they be equal in Power) the attraction between B ang Cyi 


Vanish entirely; but if the €xperiment be repeated with this differ. 
ence, viz. that the homologous Poles of the magnets be brought to. 
wards each other, then the attraction between B and C, instead of 
ing diminished, will be increased. ‘ ae 
Teck iron wire of about a quarter of an inch in diameter, 
and 4 or 5 inches long, be bent somewhat like a Gothic are, viz 
with a sharp corner in the middle, as ches ah ee 
nd, or let an assistant hol it, wi Nn 
pelea hip hen afb either pole of the magnet DE to one of its 
Sere A, and whilst the magnet remains in that ee 
Bua tgecn cle gras irr 
ii ii . Now, 
Soditbab ie pation catrauirs 3 of the crooked iron, so aa 
lied to ahes otf the iron H will immedia 
foe G may “caren gd Sat Da to the pole Es Be 
drop off; but if 0 remain adhering to C, but the sai oe 
iron H not only will r a weight still greater than H. The bea 
a wie ta te oes ee Ese Aan 
of whichiey d of different polarities, the if 
benp Soni bemis beac, where there is no itis of tic cee 
me the magnetic d case, both extremitie: paar 
i the sécon ji rner C acquired 
sion; whereas rile the same polarity, the co 
bein: 


i each side. 
‘. tres, Viz, one on 
two magnetic cen! 





ry i must have. 
con polarity. In this latter case the crooked iron mu: 
tral arity. 


take 
ts3 te 
Magnet at 08S hot 
of aati procured "ine red Hoe 
me sily Poff from FO ee wi 
cn ore 4 fall O° this ae shape 
i 7 
b ney ir a shops aT. peomaD baie 
placksmy ito a ¥ NaF eg wee! sy 
0 form tT of a te ring, it Magners ae 
to the fo Jace aU! ender it a consi 
dy int grate? Toque 
and i 


i 
‘THE END OF PART! 
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of 8° 55’. Butas the sun is not a point, and as 
ight proceeds from every part of its surface, the dia. 
of which subtends an angle of about half a degree; 
fore the breadths of the bows are larger, and the dis- 
tance between them is less than the above-mentioned 
ae 
aa situation of the rainbows changes according as 
the eye of the spectator changes situation; for otherwise 
their breadths, &c. could notsubtend constantly the same 
angles; hence no two persons can see the same bow pre- 
cisely, or the same colour, in the very same place, 3 
hen the spectator is upon a plain, and the sun is 
close to the horizon, the rainbow is a semicircle; but, ac- 
cording as the sun is higher above the horizon, so the 
rainbow is a smaller part of a circle. The inner or lower 
bow cannot appear when the elevation of the sun ex. 
ceeds 42°; and even the upper bow disappears when the 
elevation of the sun exceeds 54°, 

When the spectator is upon an eminence, and the sun 
isnear the horizon, chen the rainbow may exceed a semi- 
circle; and if the elevation of the spectator be very great, 
and the rain near him, then the rainbow may form a com- 

| plete circle: for in all cases the centre of the bow, the 
Spectator, and the sun, must be in the same straight line, 
which is called the dine of aspect. 

The rainbow sometimes is complete from one part of 
the ground to the other; and at other times it is interrupt- 
ed, either in the middle or in some other part. This hap- 
pens when the rain is partial; for it is in the drops of rain 
that the bows are formed, or that the lightis dispersed into 





































* Actual measurement with 4 quadrant, when the colours are 
5 foxen pred me tbesbrendth of the lower bow ee 

ng le i the breadth of the y bow subtends an 

eo 40, and the dista ee ore oe 


nee between both bows subtends an angle 
25", Also the semidiameter ef the cirele; of w 
pee ‘isan arc, subtends ar 7; 
























A S Light, 
Its Coloured Tays, The; 
3 interry 
be by the interpositien of clouds, Re Tay aly 
rain + Wise, from the Various dj c 
, A Wind, which impels the pa: the 
that Sometimes 1 - npels the rain 
an oval form S the rainbow appears inclined, crete 
117. The usual 
Of the rain 


















he s 
Fay, On account of the re Tactive 
Proceed straight towards F, 
Perpendicular sC, 


the a » the beam of light Ss, 
by §01ng in and out of the drop, suffers two refractions, 


Viz. at sand €, and one reflection at t. By calculating the 
directions it must take at those places, (according to the 
method described in art. 68.) it will be found that the 
angle SFO js 42° 97, 
By these refractions the light is (62.) dispersed into 
the prismatic colours OeB; the red light, as the least re- 
frangible, being next to eO, 


and the violet next to eB; 
therefore an eye situated at O will perceive a red light 


ate. If the eye be raised gradually higher, it will perceive 
Orange next, then the yellow, then the green, &c. and 
last of all will perceive the violet, 

- Now this would be the case if there were a single drop 
Ff rain in the sky, and that drop remained immovable; but 
it is easy to conceive that if the eye of the spectator re- 
Ammovable, and the drop descend gradually from 

“» then the eye will likewise perceive all the colours 
, from the red to the violet; and since, ina 
Fain a vast number of drops are to be found at 
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bat es C and E; therefore the eye will 

the same bi neat the red light from the drops at 

shamed he orange from drops that are a little lower, 

€, ornear - rst thor thae are lower still, &c.; and, last- 

Sate rata the lowest at E. Hence the violet, 

: Pris secu in the direction OE, is the lowest colour 

arte first rainbow; and the red, which is seen in the 
direction Oe, is the highest. 

Since the incident and the refracted ray must make a 
given angle, as SFO, in order to show a certain colour; 
it follows, that the rainbow must be the arc of a circle, or 
rather the base of a cone, the axis of which (viz. the dine 
of aspect) passes through the eye of the spectator, and 
through the sun, which forms the vertex of the cone; for 
in that case only straight lines drawn from any point of 
the rainbow to the sun, and to the eye of the observer, 
from the same requisite angle. Hence we see why, when 
the line of aspect is upon the horizon, the bow must bea 
semicircle; also, why it must be less than a semicircle, 
when the line of aspect is inclined from the sun down. 
wards, &c. 

Having spoken above of the incident ray, or beam of 
light Ss, it may perhaps be necessary to observe, for the 
sake of perspicuity, that this is not the only light that 
falls from the sun upon the drop stD; for there are num- 
berless rays that fall upon its whole surface; but as they 
fall with different inclinations, so all their emergent parts 
cannot come to the same eye: hence we have taken no- 
tice of that light only, which impinging upon the drop 
in the direction Ss, can (after the two refractions at s and 
#, and a reflection at ¢,) come to the eye at O. 

There is, however, another part of the light incident 
upon a drop of rain, which, after two refractions, and 
two reflections, can come to the same eye when placed 
at 4 proper distance; and this is the light which forms 

second or external rainbow, 
Let dGs in 67.) be a drop of rain higher than the 
drop st). Ys is a ray of light, which enters it at s, and 
of proceeding straight towards a, is refracted 
wards the perpendicular sC; it is then partly 
Vou. U 
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of re ion, 8,2, and at t 
at will be found th 


with the incident tay Yh, an angle OAY of s00 ne 
On account of the light suffering one reflection in 

§ longer in the drop Gds than in the drop 

stD, the angle of dispersion Bgo is larger than the angi 

of dispersion OcB: hence the Upper rainbow js birdies 

than the lower; but its colours are not near so vivid as 

those of the lower. 


I need not repeat what 
nation of the particulars orm, extent, &e, 
of the lower rainbow; forthe same explanation, with few 


| peious sbeages, is applicable to the upper rainbow. 
ee note E. 


A rainbow, much less vivid than the former, is also produced, and 
for the same reasons, by the light of the moon,* 

Such a coloured bow is not unfrequently seen at sea in the spray 
or drops of water, which the wind disperses or carries away from 
the tops of the waves. The colours of this bow are not so lively as 
those of the common rainbow; the Most vivid are a yellow next to 
the sun, and a green next to the sea. Those bows, of which a great 
many are often to be seen at the same time, havea position contrary 
to that of the common rainbow; viz. the curve part is towards the 
Sa, and the legs upwards, 


A coloured bow is always to be seen amo: 
a jet, a broken cascade, and the like 
are in proper situations, 


imes 4 coloured bow is caused by the refraction of the 
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: = a or smaller, stronger or weaker, 
to circumstances, is always to be seen when drops of wa- 
the sun, and the spectator, are properly situated. A person may 

if he turns his back to the sun, and forces some water vie- 
and in broken streams, from his mouth. But the best way of 
ing a rainbow is to fasten a number of small solid glass balls, 
or anumber of small glass bubbles full of water, upon a dark board, 
and to present the board thus furnished to the sun at a proper in- 
¢lination, which experience easily finds, whilst you turn your back 
to the sun, and look at the board. 


118. Another sort of luminous appearances under 
the name of halos or coronas, may be frequently observed 
in the sky. These are circular zones of pale light, mostly 
white, but sometimes variously coloured, which are 
seen round the sun, the moon, and even round some 
very bright star or planet. The halo is sometimes quite 






















oe close to the luminous body. ‘* Those which have been 
iid ag seen about Sirius and Jupiter were never more than 3, 
s 4, or 5 degrees in diameter; those which surround the 
‘xXpla. moon are, also, sometimes no more than 3 or 5 degrees. 
b&e But these, as well as those which surround the sun, are 
b few of very different magnitudes, viz. from 12° to 90°, or 


bow, even larger than this. Their diameters also sometimes 
vary during the time of observation; and the breadths 
both of the coloured and white circles are very different, 
viz. of 2, 4, or 7 degrees. 

“ The colours of these coronas are more dilute than 
those of the rainbow; and they are in a different order, 
according to their size,” 

Coronas may be produced by placing a lighted candle in the 
midst of Steam in cold weather. 

arious opinions have been entertained by different philosophers 
Concerning the real'causes of such halos or coronas, But whether 

are owing to the refraction, or the reflection, or the inflection 
ht, or to all those causes, and in what proportion, is not yet 
ly determined, It appears, however, that they are form- 
regations of vapours as are not heavy enough to fall 












remarks, that halos 





never appear when it rains 
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had tail, 
M. Muschenbroeck 
ght line drawn through boi 
were in coloured circles. M. W 
parhelion with one tail pointing upwards and another 
a little crooked; the external limb, with respect to the 
a purple colour, and on the other sid 
lours of the rainbow. The tails of t 
appear in a white horizontal circle 
* Coronas generally accompany parhelia, some tinged with the 
colours of the rainbow, and others white. They differ in Dumber 
and size, but they are all of the same breadth, which is that of the 
apparent diameter of the sun. ; 
“A very large white circle, parallel to the horizon, generally 
: passes through all the parhelia; and if it were entire, it would go 
through the centre of the sun. Sometimes there are arcs of lesser 
F circles concentric to this, touching those coloured circles which 
Surround the sun. They are also tinged with colours, and contain 


other parhelia.”’+ 
120. Of the aurora borealis, or northern light, we shall 
make mention in the next section, under the ttle of Elec- 
tricity: but we shall just observe in this place, that some- 
times, though by no means frequently, a pale white light 
more or less extended, is seen in the sky, the cause of 
which is not known. It differs from the northern light 
principally by its being steady and uniform, whereas the 
Borthern light is lambent and changeable. The former is 


both ways, and such a one also 
1753, the tails being ina ri 


Observe in 
Both of them, also, 


th the suns, 
Cilder saw g 
downwards, 


5 F SUN, being of 
€ it was tinged with the Co- 


hese parhelia, for the Most part, 













Pliny, Gassendi, De la Hire, Cassini, Descartes, 
ir » Dr Halley, &e, 


of V. » Light, and Colours. 
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Of Light. ad 
se than the att rahe a PE 
xe Seed in London on the night of 
¢ 27th, 1781.* , - 
“ ight is a sort of pyramidal white- 
ee aces above the horizon after the 
the sun, or before its rising. Its whiteness . — 
ike that of the via lactea, or milky-way. Its — 
rds the sun, and its extension is in the plane of the 
Cassini seems to have first taken notice of it in 
683. In the torrid zone the zodiacal light is frequently, 
or almost constantly seen. At or near our latitude it may 
» be seen about the time of the equinoxes. The breadth of 
this whiteness is various; at the horizon it varies from 8 
to 30 degrees; its extension, reckoning from the sun tothe 
apex of the light, generally exceeds 45°. Mr. Pingré, 
hs being in the torrid zone, saw it of 120 degrees. 
At present, says de la Lande, it seems to be generally believed, 
that the zodiacal light is the atmosphere of the sun; for it always 
| __ accompanies that luminary, and the equator of the sun is in the di- 
of | _ rection of the zodiacal light. Therefore in all probability the zodiacal 
; light is an atmosphere situated round the sun in the direction of 
a Ps | ___ its equator, and flattened by its rotatory motion.” 
“4 , 122. Various accounts of peculiar luminous appear- 
- ¥ ances that are seen in particular places, and which are 
} evidently owing to certain peculiar dispositions of moun- 
; tains, houses, rivers, and other objects, are to be met 
with in different books; but none of these seems to be 
more remarkable, and less understood with respect to its 
Cause, than the famous Fata Morgana, or apparition so 
, a called, which is frequently seen near the city of Reggio, 
Situated towards the extremity of the kingdom of Naples, 
and facing the island of Sicily. 
“ When the rising sun shines from that point, whence 
neident ray forms an angle of about 45 degrees on the 
o, and the bright surface of the water in the 
by the wind or the current, the 
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Of Light, 






















Spectator being placed on an eminence , 

his: back to the Sun and his face to the sea:_* 
* Appear in the asina tric th 

multipli 







ed objects, viz. ny berless series gp? Vatic 
S, Canthes well i eal 2 hae colnet 
towers, superb palaces, with balconies and Windoyy. 
tended alleys of trees, delightful plains with hen? && 
flocks, armies of men on foot and horseback berds ang 
other Strange images, in their natural colours.” 
actions, Passing rapid] 
of the sea during the 
while the above. 


** Bat if, in a 


urs 

ly in succession along a proper 
whole of the short Tied of ;: 
mentioned causes remain, time 
ddition to the circu 





specie shi 


mste ‘ 1 

Scribed, the atmosphere be highly impregaet a ° but ae 

pour, and dense exhalations not previously dispersed . bec en 
the action of the wind or waves, or rarefied by the sun Hi pareve th 
then happens that in this vapour, as in a curtain extended i ht is m 

along the channel to the height of about 30 palms, and 2 erally 
nearly down to the sea, the observer will behold the ca Simner sho 
of the same objects not only reflected from the surface of i. Th 
the sea, but likewise in the air, though not so distinct or in the dat 
well defined as the former objects from the sea. A vast 
“ Lastly, if the air be slightly hazy and opake, and at shining f 
| the same time dewy and adapted to form the ris, then previous! 
; the above-mentioned objects will appear only at the sur- degrees | 
face of the sea, as in the first case, but all vividly cious sto 
coloured or fringed with red, green, blue, and other nation, | 
Prismatic colours.’’* vegetab] 
Fhis phenomenon is related with some variety of circumstances, solution 
and has been differently explained, by various writers, Upon the have no 
whole, it seems that the appearances of houses, trees, &c. are only ' especial 

the reflections of the objects of the city of Reggio, and of the coast. There 
ey seem to be reflected from the surface of the sea, and from memes 

© the sarface of dense vapours or clouds in the air close to the s¢a} P 


Bad according to the various forms and number of the cenening 
: + thoxe objects are multiplied, magpified, inverted, elo : 
oF Aherwise distorted. But the exact explanation of the phe 

twust be left for the ingenuity of future observers. 






Pheer atic ma sopra un Fenomeno volgar mente dette 
Margen, Det P Antonia Minas, Roma 1773, 
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hall close this chapter with a concise account 
scent bodies, arnong which I shall reckon 
or jack-a-lantern. . 
name of phosphorus has of late been given to a 
lar primitive substance, of which mention has been 
made in Part II. Chap. XV.; but in its more extensive 
application, that name means every substance that shines 
in the dark, without the production of sensible heat. | 
_ The phosphorescent bodies may be divided into five 
species, viz. I. The living animals which have the pro- 
perty of shining in the dark, such as glow worms, lan- 
tern flies, of which there seems to be several species, 
bya but of the mechanism which produces their light, nothing 
dby | certain is known. In this country some of them, in their 
Ri / best state, afford light barely enough to read the hour on 
| a watch that has a clear dial. In warmer climates their 





ind light is much more powerful. The light of those insects 
ne generally ceases after death; but whilst living they may 
| either show it or not at pleasure. : 
3 II. Those bodies which absorb light, and then yield it 
in the dark. 

A vast number of substances have the property of 

; shining for a certain time in the dark, after having been 

; Previously exposed to light; but they have it in different 

/ degrees of intensity as well as of duration. Several pre- 

| cious stones, and calcareous bodies, especially after calci- 

| hation, have this Property, as also paper, and almost all 

vegetable and animal substances when very dry, or after 

Solution in nitrous acid. Metallic substances and water 

have not this Property; yet congealed water, viz. ice, and 
specially snow, have it in a considerable degree. * 

‘There is a mineral, called the Bolognian stone, which, after due 

ion, has this property in a very remarkable degree.+ Those 


















‘+ Experiments in the Comment. Bonon. yol. V. page 
or effectual method ng this stone seems 
: of prepari 












trials made in this pect have Me : 
» Kircher direc to reduce the stone 7 
‘ Ae, ee “ee 


= a oe > @t 2 








‘Spar of the barytj 
its weight, marmor 
this stone, r due 


ing. By exposing it again to ¢ 

Shining Property is renewed as 

luminous even by €xposing it to candle light 

The residuum of the distillation of chalk and Nitro » 

the shining Property, similar to that of the Bolognian ade SCld has 
Not in so great a degree. This js called (from its inves 8 
win’s phosphorus. 

Seyeral other Preparations have th 
and then of yielding it in the dari 
degree as that which was discovered by the late 
which is prepared in the following manner: 

“ Calcine some common oyster-shells,” (if they be Old, and half f pe 
calcined by time, such as are found upon the s€a-shore, they are so best | 


much the better) « by keeping them in a good coal-fire for half an purpc 


hour; let the purest part of the calx be pulverized and Sifted; pj 
with three parts 









































© property of abso hess 
k; but none has it : ng light, 


in SO emj * 
Mr. Canton, and 


A 3 mix powe 
of this powder one part of the flowers oj sulphur; on a! 
let this mixture be rammed into a crucible of about an inch and a xf sat 

‘ halfin depth, till it be almost full; aud let it be placed in the mid. Sd 
dle of the fire, where it must be kept red hot for one hour at least, remo 
and then set it by to cool; when cold, turn it out of the Crucible, and } A¢ 
cutting or breaking it to pieces, Scrape off, upon trial, the brightest viz. { 
Part, which, if good phosphorus, will be a white powder, and may stone 
® be preserved by keeping it ina dry phial with a ground stopple.”* butte 
f this phosphorus, whether in the phial or not, be kept in the ; TI 
dark, it will give no light, but if it be exposed to the light, either of nece! 
the day, or of any other body sufficiently luminous, and afterwards | 

be brought into a dark place, it will appe: 


hutes. It light is white with 

A little of this Phosphorus, when first brought into a dark room, 
after having been exposed fora few Seconds on the outside of a 
window to the common 


day light, will give light enough to dis- 
cover the hour on a watch; provided the eyes of the observer have 


© phosphori shine by 
ding the light which they have first imbibed, or by yielding 





thos formed must be putin a furnace, and must be calcined 


in oye. Others direct to place the Bolognian stone 
phted charcoal, and to leave it undisturbed therein until 
consumed. : 


| Transactions vol, LVL, page 337 
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h the former opinion be by far the most pro yet 
s not quite satisfactorily determined. : 
er to elucidate this point, various Ingenious persons have 
empied to illamine those phosphori by colou red light, as for in- 
tt ce, by red, or green, or blue, or yellow light; but their results 
not agree. Alvarotti having illuminated the Bolognian phospho- 
, by differently coloured light produced by a prism, found that 
the phosphorus was faintly illuminated by this means, but he could 
not distinguish any difference of colour in it.* 

_ The deermination of this question would §0 a great way to- 
wards proving that light is real matter emanated by the luminous 
body, rather than a modification of a fluid universally dispersed. 
But independent of this question, what principally seems to prove 
the materiality of light, is the change which light alone produces 
©n various bodies, viz. on vegetables, on solutions of Silver, &c.t 


Ill. The bodies which produce light when heated, 
2 : form the third species of phosphorescent bodies. The 
p 












best method of heating bodies in a dark room for this 
purpose, “is to reduce the body toa moderately fine 
powder, and to sprinkle it, by small portions at a time, 
on a thick plate of iron, or mass of burnt luting made 
of sand and clay, heated Just below visible redness, and 
Temoved into a perfectly dark place.”” 

A great variety of substances shine when they are so treated, 
Viz. fluoric stones, several marbles, diamond and other precious 
Stones, calcareous earth, metallic substances, sea Coal, oils, wax, 
butter, paper, and several other animal and vegetable substances. 

The phosphori of this Species give out light and heat, without the 
necessity of having been previously exposed to external light. 

IV. Several substances yield a light either quite white, 
or with different shades of red, or blue, ‘by attrition, viz. 
when they are rubbed or knocked one against the other, 
The light is generally spread beyond the touching parts, 
and sometimes it Spreads all over the bodies, 


Almost all the stones of the siliceous genus, such as quartz, 












”* Acad, Par. 1730. ; 
See Count Ku lord's Paper in the Philosophical Transactions, 
for the year 1796, Art. ¥X, pir 2 , 
ie Mr. T. Wedywood's Pape rin the 

for the year 1792, Art, 111, 
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mal matters, and xs 


vegetable substances, specially rotten Wood. In 


them the light seems t 
phorus Properly so called: 


State of decompositio 
one of the ingredients, is Separated from the Test, &c, 
Of all the animals, fish seem to afford th 




















“7 
© greatest quantit of | 
light, and they yield it in the Sreatest quantity before the putridity | ~— 
takes place. Almost every body is acquainted with the shining pro. pr An 
berty of fish; but the most recent and entertaining experiments lumii 
upon this species of animals, and particularly with the herring and | lucid 
the mackerel, were made by Dr. Hulme, and are described in the sach 
. Philosophical Transactions for the year 1800, article Ix, from pert 
which the following Particulars have been extracted. Cc 
Herrings and mackerels (and Probably most other fishes) begin & is ‘re 
to appear luminous about the second day after their having been rate 
taken out of the water The light increases whilst they are per. | 
ectly good and sweet; but it begins to decrease when the fish be- | viz. 
ms to putrify, and it decreases according as the Putrescence in- som 
ses. ft 
It is not the external surface only of those animals that is capable | of t 
of shining; but the light seems to be incorporated with their whole | das 
ice, and to make a part thereof, in the Same manner as any | V 
F constituent principle; for if the fish be cut in various pieces, : mis 
whole surface of every piece becomes luminous, if kept in a kin 
dark and rather coo] place; especially the soft roe both of the her- 
fing and of the mackerel, which look like a complete body of light inst 
bow h night, which §enerally is the period of 


©omposition of the fish begins v: 
principle that escapes, and whi 
putrid efluyium 


d can be per- 
matter of fishes, or the thickish liquor with which 












be scraped off by means 
surfaces, may be prese: co a 
continue to shine for a day or two, or longer, > 
4 Bat there are some substances which, being mixed 


i: atter ina certain proportion, will extinguish 
ap aes iets vary remarkable that some of those very sub- 
ses but mixed in another proportion, will increase or preserve 

me time longer. : 

“ Those which extingutes it are, water alone; water impregnated 

with quicklime; water impregnated with carbonic acid gas; water 

impregnated with hepatic gas; fermented liquors; ardent spirits; 
mineral acids, both in a concentrated and in a diluted state; vegeta- 
ble acids; fixed and volatile alkalies, when dissolved in water; neu- 
tral salts, viz. saturated solutions of Epsom salt, common salt, and 
ang of sal ammoniac; infusions of chamomile flowers, of long pepper, 
With and of camphor, made with boiling-hot water, but not used till 
quite cold; pure honey, if used alone.” 
On the other hand a very moderate solution of some of the above- 
: mentioned substances, dissolved in water, and then mixed with the 

. luminous matter of fishes, will render their light stronger and 
more durable. 

4 “ Two ounces of sea-water, being agitated with the light of 
mackerel, soon obtained a brilliant illumination. The sea-water 
preserved its luminousness for several days.” 

ts Any of the last-mentioned solutions, being impregnated with the 

id | luminous matter, and left some time at rest, are rendered more 
lucid by a moderate degree of heat, but a higher degree of heat, 
such as that of about boiling water, extinguishes them totally and 
permanently. 

: Cold extinguishes this light ina temporary manner; for the light 

; is revived in its full] splendour as soon as it is exposed to a mode- 

rate degree of heat. 

_ The light of those mixtures is rendered more vivid by motion, 

viz. by agitating the Phial which contains the liquor, or by drawing 
some hard body through it. This seems fully to explain the cause 
ef a Na light which at night is seen on the surface 

° S¢a, when the water is agita i i 

iheshing of cats, tc. gitated by a high wind, or by the 

When this luminous Taatter of fishes is extinguished by being 
mixed with some of the saturated Solutions of the above-mentioned 

Kind, its light is not totally lost, but it may be revived inits former 

Senin —f solution into one of the ines a6, te 

Sy e is' i a saturat- 

€d solution of sak, add more waterto the nine a ee 

S arte pe. and the light is phase ; and on the 

yiftot rm: oe salt be added, he light wilt be extin- 


wpe Dr. Hulme, arm taken toma 7 

















€nce, it had lost Nothing of its yiy; 
. . ts 
tinction,” ; rigs: 


exaggeration, 
It has been the opinion of certain Philosophers, 
4 Satuus is produced by shining insects Sir Isaac Ne 
@ vapour shinini: without heat; and this seems to be 
bable opinion, especially if it be allowed to owe its ori 
Composition of animal and vegetable Substances. 


ther conjecture, 





that the ignis 
wton called it 
the most pro 
igin to the de- 












It is related by Dr. Durham, that, having observed an ignis fatuus 
in some 8Y ground, between ¢ 


Wo rocky hills, in a dark and 
t he got by degrees within ‘wo or three 


4D opportunity of viewing it to the 
ipping about a dead thistle, till a slight motion of the airy 
as he supposed, by bis near 4pproach to it, made it 

3; and as he advanced, it ke 1 flying betore 

‘ad it been the sh ning of glow- 


i ae 


‘ INTathed &, od The, ey ve gente 


yards of it, and 














Of Light. 165 
isfied that he could not but have distinguished the 


1 om of which it must have consisted; whereas it was one 
6 ody of light. He therefore thought that it must be an ig- 

























Bari: made particular inquiry concerning the ignis faruus, 
found that two, which appeared on the plains, one to the north 
the other to the east of Bologna, were to be seen almost every 
night, especially the latter; and the light they gave was equal 
“to that of an ordinary faggot That to the east of Bologna once ap- 
i. to a person of his acquaintance, constantly moving before 
( im, and casting a stronger light upon the road than the torch, 
which was carried along with him. All these luminous appearances 
gave light enough to make all neighbouring objects visible, and 
ey were always observed to be in motion, but this motion was 
Various and uncertain. Sometimes they would rise up, and at other 
_ times sink; but they commonly kept hovering about six feet from 
the ground. They would also disappear of a sudden, and instantly 
appear again in some other place. They differed both in size and 
figure, sometimes spreading pretty wide, and then again contract- 
ing themselves; sometimes breaking into two, and then joining 
again; sometimes floating like waves, and dropping, as it were, 
sparks of fire. He was assured that there was not a dark night all 
‘the year round in which they did not appear, and that they were 
observed more frequently when the ground was covered with snow 
than in the hottest summer; nor did rain or snow in the least hinder 
ir appearance; but, on the contrary, they were observed more 
_____ frequently, and cast a stronger light in rainy and wet weather; nor 
“were they much affected by the wind. 
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